fea reesaitency3 


: iat 


ti 


Pre RTT 
Arh aetiae towtipres sean 
OT Ee Ret wr On 

Ghekel 


—— St ter 
SEL rt etter winter sre twe 
So EM esimnswustinenerer ene stone, 


Sheet erst beh plnbomabeoed 


2 sh aes Soha SS mp ten es 
hon ia, oes 


Digitized by the Internet Archive 
in 2009 with funding from 
University of Toronto 


o 


i 5 
« 


e http ?//www.archive.org/details/proceedingscambr16 


a. ee i >. ee 


PROCEEDINGS 
OF THE 
Cambridge Philosophical Society. 


VOLUME XVI. 


PRINTED BY JOHN CLAY, M.A. 


; 

, Cambridge: 
7 

: 


aw 


Huh A 
PROCHH DINGS 


OF THE 


CAMBRIDGE PHILOSOPHICAL 
SOCIETY. 


VOLUME XVI. 


OcToBER 31, 1910—May 20, 1912. 


pean 
oe es 


AT THE UNIVERSITY PRESS, 
AND SOLD BY 
DEIGHTON, BELL & CO. AND BOWES & BOWES, CAMBRIDGE. 


CAMBRIDGE UNIVERSITY PRESS, 
C. F. CLAY, MANAGER, FETTER LANE, LONDON, E.C. 


1912 


; aes ih) wes ot 

> »: sey 7 -_ = 

| Beye tli ot a A i 

one Tle ! ey ct | 
ay 


en a | 
ey 


CONTENTS. 
VOL. XVI. 


The Determination of the Exponent to which a Number belongs, the 
Practical Solution of certain Congruences, and the Law of Quadratie 
Reciprocity. By H. C. PocKLINGToN ; - : . 

The Divisors of certain Arithmetical Forms, the Primes of certain Forms, 
and the Arrangement of ice and some other Residues. By 
H. C. PockLineron : : : : : ; 

The Mobility of the Positive Ion in Gases at Low Pressures. By GEORGE 
W. Topp. (Communicated ae Professor Sir J. J. Thomson.) (Two 
figs. in Text) : > : : : : A , 

The Mobility of the Positive Flame Ion, By 8. G. Lusspy. (Communi- 
cated by Professor Sir J. J. THomson.) (Two figs. in Text) 

Note on the Fundamental Theorem of Integration. By Dr W. H. Youne 

Nuclear relations of Paramecium caudatum during the asexual period. 
(Preliminary Communication.) By K, R. Lewin. (Communicated 
by A. E. Surpiey.) (One fig. in Text) 


The feeding value of mangels. By Professor T. B. Woop 

Note on the spermatogenesis tg Abraxas eae (currant moth). B 
L. DONCASTER . : : ; : 

The Ionisation of Heavy Gases a X-rays. By R, T. Bearty. (Com- 
municated by Professor Sir J. J. THomson) : : : 

A constant temperature, porous plug experiment, ae W. A. Dovetas 
Rupee. (Two figs. in Text) P ; ‘ 

Observations on the Surface Tension of Liquid ae By W. A. 
Doveuas Ruper. (Plate I, and three figs. in Text) 

A method of characterising certain Ureides. By Dr Fenton and W. A. 
R. WILEs . 

A note on the action of aluminium chloride on benzene. By Miss ANNIE 
HoMER 


~~ 


PAGE 


64 


65 


vl Contents. 


The Radium-Content of Salts of Potassium. By Joan Satrerty. (Com- 
municated by Professor Sir J. J. THomsoy.) (One fig. in Text) 

On the Inheritance of the Yellow Tinge in Sweet Pea Colouring. By 
Mrs M. G. Taopay and D. THopay. (One fig. in Text) 

Colloidal form of N wees Osazone. By Dr Fenton and W. A. R. 
WILKS . : - : - : - 

Notes on Protein H: cies By F. W. ForEMAN, ee by 
Professor Woop) F : , 

The Discharge of positive wie from Sodium pone heated in 
different gases. By Frank Horton. (Four figs. in Text) . 

On the Magnetic Susceptibilities of Certain Compounds. By A. E. OXLEY. 
(Communicated by Professor Sir J. J. THomson.) ee ec in 
Text) : 

On the distribution of the peaebliarg Rae Radiations Slide the 
radiator. By J. A. CrowrtHER. (Two figs. in Text) 

A New Method of yates the Positive mat z= Professor Sir J. J. 
THOMSON . 


Note on Se bia cas lividus as a Rock-borer. By J JAMES ROMANES. 
(Plate IT) . 


The effect of exposure to ultra-violet light on blood-serum. By Wa 
Scorr. (Communicated by Professor G. Sums WooDHEAD) 


The passage of bacteria from the mouth to the lung. By Dr L. Coppert 
and Dr G. 8. GRAHAM-SMITH : . : : 


On Regularities in the Spectrum of Neon. By HERBERT EDMESTON 
Watson. (Communicated by Professor Sir J. J. THoMson) 


The Intensity of Secondary Homogeneous Réntgen Radiation from Com- 


pounds. By J. C. CHAPMAN and E. D. Gusst. Compnsia s 
Professor Sir J. J. THomson.) (One fig. in Text) 


An Attempt to detect a Fatigue Effect in the production of Secondary 
Réntgen Radiations. By J. Crossy CHapMan. (Communicated 
by Professor Sir J. J. Tomson.) (One fig. in Text) 


On the Distribution of the Megapodidae in the Pacific. By J. J. Lister 


The Production of Characteristic Rintgen Radiations. By R. Wuip- 
DINGTON, (Communicated by Professor Sir J. J. THomson.) (Two 
figs. in Text) 


The Absorption Spectra of the Vapours 0 some sie ae By 
J. E. Purvis : : . ‘ 


On the Scattering of Rintgen Radiation. By E. A. OwEN. (Communi- 
cated by Professor Sir J. J. THomson.) (Three figs. in Text) . 


PAGE 


89 


102 


112 


120 


121 


124 


126 


130 


136 


142 


148 


150 


155 


161 


Contents. 


On the Velocities of the Electrons produced by Ultra-Violet Light. By 
A. Lu. Hueues. (Communicated i Professor Sir J. J. THomMson.) 
(Two figs. in Text) : : : : : : 

A simple form of Electrical Resistance Furnace. By ¥F. E. E, Lampiovuau. 
(One fig. in Text) : ; : : : 

On an attempt to detect Diffusion in a Pencil # pale an By J. A. 
CrowTHER. (Four figs. in Text) : : 


Further Experiments on Scattered sss Radiation. By J. A. 
CROWTHER 


The adaptation of Ticks to the habits fe oe Host. By Professor 


Norra. . 

Toleration to Nicotine. By W. E. Dixon : : ‘ : 

The action of Pituitary Extract and Adrenalin on Per ae al Arteries. 
By Dr Cow. (Communicated by Mr W. E. Drxon) 

The Depression of the Freezing Points of Sodium and Calcium Chlorides. 
By F. E. E. Lamptoves. (One fig. in Text) 

A Short Flora of Cambridgeshire, chiefly from an Ecological Ebioies, 
with a History of its chief Botanists. By A. H. Evans : 

The Lower Cryptogams. By the Rev. P. G. M. Ruopgs, G. S, 
West, and F. T. Brooks. 

On the Nature and Velocity of an Ion in a Gas. By R. D. KLEEMAN. 
(Communicated by A. Woop.) (One fig. in Text) ; 

The Heat of Combustion of a Molecule and its Chemical Attraction 
Constant. By R. D. KiuremMan. (Communicated by A. Woop.) . 

On the Origin of Spectra. By FRANK Horton 

The positive ionisation produced by ese when ieee By ee 
Horton : : ‘ : : 

The Transmission of Cathode Rays ead Matter. By R. Warwprinerton. 
(Communicated by Professor Sir J. J. Tomson.) (Two figs. in Text) 

The Velocities of the Cathode Particles ejected by Characteristic Réntgen 
Radiations. By R. Wuippineton. (Communicated by Professor 
Sir J. J. THomson.) : : : P 

A Kinematical Theorem in Radiation. By R. HARGREAVES . 


A Study of the Radium Emanation contained in the air of various soils. 
By Joun Satrerty. Communicated by Professor Sir J. J. 
TuHomson.) (Four figs. in Text) P 5 : : 

The Radioactivity of Marsh Gas. By JoHN SaTTERLY. Communicated 
by Professor Sir J. J. THomson.) (One fig. in Text) 

On the Radium-Content of Various Fresh and Sea Waters and some other 
Substances. By JoHN Sarrerty. (Communicated by Professor 
Sir J. J. Toomson) 


vii 


PAGE 


167 


175 


177 


188 


189 
191 


192 


193 


197 


285 


299 
313 


318 


321 


326 
331 


336 


356 


360 


Vili Contents. 


On the Scattered Rintgen Radiation from pa hoes Radiators. By J. A. 
CrowTHEerR. (One fig. in Text) E : : : 


The Multiplication of Fourier Series. By A.C. Dixon . 


The Photo-Electric Effects of Certain Compounds. By A. Lu. HucHEs. 
(Communicated by Professor Sir J. J. Riese ot =a in 
Text) : 


On the Spores of some Jurassic Ferns. By H. HamsHaw THoMas. 
(Plate III. One fig. in Text). 


The Discharge of Spermatozoa by Unio pictorum. By OswaLp H. 
Larter. (Communicated by Dr Suipiry.) (One fig. in Text) 


The non-nitrification of sewage in sea-water. 7 J. E. Purvis, A. C. N. 
M°Hartie and R. H. J. FIsHer 


Proceedings at the Meetings held during the Session 1910—1911 


Preliminary Note on the Characteristic Homogeneous Réntgen Radiation 
from Elements of High Atomic Weight. By J. Crospy CHAPMAN. 
(Communicated by Professor Sir J. J. THomson.) (Two figs. in 
Text) 


Note on the condensation of tryptophane with certain aldehydes. By 
AwnnrE Homer. (Communicated by Mr F. G. Hopxrys) 


A new type of parasitism in the oe By F. A. Ports. (Two 
figs. in Text) - - 


Cytological Observations on Srsssiebne Echinoderm ae By 
L. DoncasTER and J. GRAY : : f 

On the double-six which admits a group of 120 collineations into itself. 
By W. BurnsIDE : : : : : 

A Magnetic Examination of the Function of the Water Molecule in 
certain Dilute Solutions. By A. E. Oxtry. (Three figs. in Text) 

A Note on short Wave Lengths in the Mercury Are Spectrum. By 
A. Lu. HueHes. (Communicated by Professor Sir J. J. THomson) 

The Coagulation of Colloidal Copper. Rate S eee By 
H. H. Parng. (Five figs. in Text) 


Application of positive rays to the study of chemical reactions. By 
Professor Sir J. J. THOMSON . 


Note on the mode of discharge a the Cuverian organs of Holothuria nigra. 
By G. R. Mines é : 


The Inheritance of ae ae in Argas persicus. By 
EpwarpD HINDLE : 


Gregarines in Rat-Fleas. By C. Srricknanp. (Communicated by 
Professor NuTTALL) 


e ° e 


PAGE 


365 


370 


376 


384 


389 


391 
392 


399 


405 


409 


414 


418 


421 


428 


430 


455 


456 


457 


460 


Contents. 


An experiment to illustrate the mechanical tension on the surface of a 
charged conductor. By E. F. Burron. (Communicated by 
Professor Sir J. J. THomson.) (One fig. in Text) 


Radioactivity and Molecular Structures. By W. A. Douatas Rupes. 
(Seven figs. in Text) , 


Some Observations with Dark-Ground Illumination on Plant Cells. By 
S. ReainaLD Prick. (Communicated by Professor SEWARD.) 
The Variation of Magnetic Susceptibility with Temperature. By A. E. 

OXLEY epee aie : aati Roel He : Sterd 


Note on the Chromosomes in Oogenesis and Spermatogenesis of the 
White Butterfly, Pieris brassicae. By L. DoNncAsTER 


A group of Rhizopods from the Carboniferous Period. By R. C. 
McLean. (Communicated by Professor Sewarp.) (Six figs. in 
Text) 

The Quantities of Radium and Thorium Emanations contained in the 
Air of certain Soils. By JouHn SatTerty. (Communicated by 
Professor Sir J. J. THomson.) (Five figs. in Text) 


On a theory of the dissymmetrically distributed arene oe Radia- 
tion. By J. A. CROWTHER ' - 

On the Different Internal Energies of a Substance. I. By R. D. KLEEMAN 

The Chromosomes of a Giant form of Primula sinensis. es K.P: 
Gregory. (Preliminary Note.) 


The Detection of Small Amounts of Polarisation in Light jr om a Dull 
Sky. By A. E. Oxtny. (Six figs. in Text) . ‘ ; 


Note on the Action of Sunlight and of Radium Pitts on Glass. By 
W. A. Douaias RUDGE . : : 
A Negative Result on the Refraction . X-rays. By . J. CROSBY 


CHAPMAN. (Communicated by Professor Sir J. J. THomson.) 
(One fig. in Text) 


The Structure and Homology of the Microsporidian Spore, as seen in 
Nosema apis. By H. B. FanrHam and ANNIE PoRTER. eke i 
in Text) 

On the Different Kinds of Internal Energies _ a Substance. II. By 
R, D. KieEmMan. (One fig. in Text) 

A Simple Viscometer for very Viscous Liquids. a G. F. C. SEARLE. 
(Three figs. in Text) : ‘ : 


Note on the Spectrum of Argon. By G. Sreap. (One fig. in Text) . 


Stachypteris Hallei: a new Jurassic Fern. By H. HamsHaw THOMAS. 
(Plate IV) 


1x 


PAGE 


462 


465 


481 


486 


491 


493 


514 


534 
540 


560 


561 


571 


574 


580 


584 


600 
607 


610 


x Contents. 


Some Observations on Electrograms of the Frog’s Heart. By GrorGcE 
RautpH Mines. (Preliminary note.) (Plates V—IX) . 


On the Ionisation produced by the Collision of Positive Ions in Gaseous 
Mixtures. By R. D. Kireman, (Six figs. in Text) 


On the Properties of Substances connected with the Kinetic Properties of 
the Molecules. I. By R. D. Kugeman . : pe : 


The Unit Theory of Light. By Professor Sir J. J. Toomson . 


On the Mobility of the Negative Ion at Low Pressures. By GEORGE W. 
Topp. (Communicated by Professor Sir J. J. THomson.) (One fig. 
in Text) : ‘ 


On the Exact Form of the Law of Molecular Attraction. By R. D. 
KLEEMAN . . ; : : : : ; 4 : 


On the number of a-particles expelled when an atom of Thorium Eman- 
ation disintegrates. By JoHN Satrerty. (Communicated by 
Professor Sir J. J. THomson.) (One fig. in Text) 


The Proportions of the sexes in Forficula auricularia. By H. H. 
BRINDLEY 


Proceedings at the Meetings held during the Session 1911—1912 . 


Index to Vol. xv. 


PLATES. 


Puate I. To illustrate Mr Rudge’s paper 

PuaTE II. To illustrate Mr Romanes’ paper 
PuatE III. To illustrate Mr Thomas’ paper 
Prate IV. To illustrate Mr Thomas’ paper 
Purates V—IX. To illustrate Mr Mines’ paper . 


PAGE 


615 


621 


631 


643 


653 


658 


667 


674 
681 
688 


55 
121 
384 
610 
615 


Cambringe Phtlosophtcal Sortetyp 
LIST OF FELLOWS, ASSOCIATES. AND 
HONORARY MEMBERS 


AND 


LIST OF SOCIETIES, INSTITUTIONS AND INDIVIDUALS TO 
WHICH THE PUBLICATIONS OF THE SOCIETY 
ARE SENT 


1912 


CAMBRIDGE 
PRINTED AT THE UNIVERSITY PRESS 
1912 


OFFICERS AND COUNCIL : 
OF THE 
CAMBRIDGE PHILOSOPHICAL SOCIETY 


FOR THE PRESENT SESSION 1911—1912 


ELECTED 1911, OCTOBER 30 


PRESIDENT 


Prof. Sir GkorGE Darwin, K.C.B., F.R.S., Trinity College. 


VICE-PRESIDENTS 


H. F. Newatt, M.A., F.R.S., Professor of Astrophysics. 

B. Hopkinson, M.A., F.R.S., Professor of Mechanism and Applied 
Mechanics. 

T. B. Woop, M.A., Drapers Professor of Agriculture. 


TREASURER 
E. W. Hossoy, Se.D., F.R.S., Sadlerian Professor of Pure Mathematics. 


SECRETARIES 


E. W. Barnes, Sc.D., Trinity College. 
A. Woop, M.A., Emmanuel College. 
F, A. Ports, M.A., Trinity Hall. 


ORDINARY MEMBERS OF COUNCIL 


Sir J. Larmor, M.A., F.R.S., Lucasian Professor of Mathematics. 

R. H. Birren, M.A., F.R.S., Professor of Agricultural Botany. 

W. J. Porn, M.A., F.R.S., Professor of Chemistry. 

R. H. Rasta, M.A., Christ’s College. 

K. Lucas, Se.D., Trinity College. 

E. A. Newett ArBeEr, Sc.D., Trinity College. 

Sir J. J. Taomson, M.A., F.R.S., Cavendish Professor of Experimental 
Physics. 

J. E. Purvis, M.A., St John’s College. 

A. E. Suiprey, Sc.D., Master of Christ’s College. 

R. P. Grecory, M.A., St John’s College. 

L. Cossett, M.D., Trinity College. 

J. Mercer, M.A., Christ’s College. 


LIST OF THE FELLOWS 


OF THE 


CAMBRIDGE PHILOSOPHICAL SOCIETY 


Date of Election 


1912 
1870 


1900 
1910 


1892 


1881 
1880 


1893 


1868 


1906 


1893 


1850 


1859 


Feb. 


Mar. 


Feb, 


Nov. 


May 


Nov. 


Feb. 


Mar. 


Apr. 


Nov. 


Nov. 


Apr. 


May 


12 
7 


14 


1912 


A 


Ackroyd, H., M.D. (Catus.) Homeside, Great Shelford. 
a Adams, W. G., M.A., F.R.S. (St John’s Coll.) Heathfield, 
Broadstone, Dorset. 
a Adie, R. H., M.A. (Trinity Coll.) 136, Huntingdon Road. 
Alexander, W. B., B.A. (King’s Coll.) 4, Branston 
Gardens, Kew Gardens, London, S. W. 
a Allbutt, Sir T. Clifford, M.D., F.R.S., Regius Professor of 
Physic. (Caius Coll.) S. Rhadegund’s, Chaucer Road. 
Allcock, W. B., M.A. Hmmanuel College. 


a Allen, Rey. A. J. C., M.A. (Peterhouse.) 34, Lensfield 
Road. 


Anderson, H. K., M.D., F.R.S. Master of Caius College. 
Caius College Lodge. 


a Anningson, B., M.D. (Cacvus Coll.) Walt-ham-sal, Barton 


Road. 

Arber, E. A. N., Se.D. (Trinity Coll.) 52, Huntingdon 
Road. 

Assheton, R., M.A. (Trinity Coll.) Riversdale, Grant- 
chester. 


a Atkinson, Rey. E., D.D., Master of Clare College. Clare 
College Lodge. 


a Atkinson, Rey. G. B., M.A. (Zrinity Hall.) Swanington 
Rectory, Norwich. 


a Life Members. 


Date of Election 
1889 Nov. 25 


1892 


1909 


1899 
1899 
1888 


1898 
1845 


1886 


Oct. 


Feb. 


Feb. 


Nov. 
Noy. 


Nov. 


Jan. 
Feb. 
Mar. 
Feb. 
May 


Feb. 


Noy. 


Noy. 


Apr. 


Noy. 


Feb. 
Feb. 
May 
May 
Jan. 


Feb. 


Apr. 


Feb. ¢ 


Dec. 


31 


FELLOWS OF THE 


B 


a Baker, H. F., Sc.D., F.R.S. St John’s College. 

Ball, Sir R. S., M.A., F.R.S., Lowndean Professor of 
Astronomy. (King’s Coll.) The Observatory, Cam- 
bridge. 

a Balls, W. L., M.A. (St John’s Coll.) Turf Club, Cairo, 
Egypt. 
Barclay-Smith, E., M.D. (King’s Coll.) The Museums. 
Barcroft, J., M.A. (King’s Coll.) Glenveagh, Grange Road. 
a Barlow, C. W. C., M.A. (Peterhouse.) 6, Manor Villas, 
South Croxted Road, W. Dulwich, London, S.E. 
a Barnes, Rey. E. W., Sc.D. Tvinity College. Secretary. 
a Bashforth, Rev. F., B.D. (St John’s Coll.) Woodhall 
Spa, Lincoln. 
a Basset, A. B., M.A., F.R.S. (Trinity Coll.) Fledborough 
Hall, Holyport, Berks. 

Bateman, H., M.A. (Trinity Coll.) Bryn Mawr College, 
Bryn Mawr, Pa., USA. 

Bateson, W., M.A., F.R.S. (St John’s Coll.) Manor 
House, Merton Park, Surrey. 

a Bedford, T. G., M.A. (Sidney Sussex Coll.) 13, Warkworth 
Street. 

a Bennett, G. T., M.A. Emmanuel College. 

a Berry, A., M.A. (King’s Coll.)- Meadowside, Grantchester 
Meadows. 

Berry, A. J., B.A. Downing College. 

a Besant, W. H., Se.D., F.R.S. (St John’s Coll.) Spring 
Laun, Harvey Road. 

a Bevan, P. V., M.A. (Trinity Coll.) Royal Holloway 
College, Englefield Green, Surrey. 

a Bidder, G. P., M.A. (Trinity Coll.) Cavendish Corner, 
Hills Road. 

Biffen, R. H., M.A., Professor of Agricultural Botany. 
(Emmanuel Coll.) 138, Huntingdon Road. 

Birtwistle, G., M.A. Pembroke College. 

Blackman, F. F., M.A., F.R.S. St John’s College. 

ges oe M.A. (King’s Coll.) Elterholme, Madingley 
oad. 


a Bloomfield, Rev. E. N., M.A. (Clare Coll.) Guestling 
Rectory, Hastings. 


a Bond, Rev. J., M.A. (Magdalene Coll.) Anderby, Alford, 
Lincoln. 


a Bond, W. A., M.D. (St John’s Coll.) 36, Bedford Court 
Mansions, Bedford Sq., W.C. 


aBonney, Rev. T. G., Sc.D., F.R.S. (St John’s Coll.) 
9, Scroope Terrace. 


a Life Members. 


CAMBRIDGE PHILOSOPHICAL SOCIETY 


Date of Election 


1895 
1896 


1890 


1909 


1900 


1907 
1889 


1861 
1887 


1892 
1904 


1911 


1901 - 


1880 


1907 


1889 


1902 
1904 


1893 
1896 


1870 
1905 
1887 


1859 


1900 


Nov. 
Apr. 


Nov. 


Nov. 


Feb. 


May 
Noy. 


Nov. 


Nov. 


Nov. 
Feb. 


Nov. 
Feb. 


Feb. 


Mar. 


Mar. 


25 
27 


24 


22 


19 


30 


ek 


~I 


a Borradaile, L. A.. M.A. Selwyn College. 


a Bradbury, J. B., M.D., Downing Professor of Medicine. 
(Downing Coll.) 4, St Peter's Terrace. 


Brindley, H. H., M.A. (St John’s Coll.) 25, Madingley 
Road. 


Brodetsky, S., B.A. (Zrinity Coll.) 6, Cecil Street, Mile 
End Road, London, E. 


a Bromwich, T. J. VA., Sc.D., F.R.S. (St John’s Coll.) 
1, Selwyn Gardens. 
Brooks, F. T., M.A. (Cazus Coll.) 102, Mawson Road. 
a Brown, E. W., M.A., F.R.S. (Christ’s Coll.) . Yale Uni- 
versity, New Haven, Conn., U.S.A. 
a Brown, Rev. F., M.A. (Trinity Coll.) Mansfield, 
19, Elphinstone Road, Hastings. 


a Bryan, G. H., Sce.D., F.R.S. (Peterhouse.) Plas Gwyn, 
Bangor, N. Wales. 


a Buchanan, J. Y., M.A., F.R.S.  Christ’s College. 


a Burdon, E. R., M.A. (Sidney Sussex Coll.) Ikenhilde, 
Royston, Herts, and Botany School. 


Burfield, S. T., B.A. Selwyn College. 


a Burkill, I. H., M.A. (Cactus Coll.) The Indian Museum, 
Calcutta, India. 
a Burnside, W., M.A., F.R.S. (Pembroke Coll.) The Croft, 
Bromley Road, Catford. 
Burton, W., M.A. (Emmanuel Coll.) The Laboratory, 
Whitgift Grammar School, Croydon. 


Butler, Rev. H. Montagu, D.D., Master of Trinity College. 
The Lodge, Trinity College. 


C 


aCameron, J. F., M.A. Caius College. 


aCampbell, N. R., M.A. (Trinity Coll.) 4, Woodsley 
Terrace, Clarendon Road, Leeds. 
a Capstick, J. W., M.A. Trinity College. 
aCave, C. J. P., M.A. (Trinity Coll.) Ditcham Park, 
Petersfield, Hants. 
Chapman, Rey. A. T., M.A. Emmanuel College. 
Chittock, C., B.A. (Trinity Coll.) Felsted School, Essex. 


a Chree, C., Sc.D., F.R.S. (King’s Coll.) 75, Church Road, 
Richmond, Surrey. 


a Clifton, R. B., M.A., F.R.S. (St John’s Coll.) 3, Bardwell 
Road, Banbury Road, Oxford. 


a Cobbett, L., M.D. (Trinity Coll.) Inch-ma-holme, Adams 
Road. 


a Life Members. 


‘ 


8 


Date of Election 


1907 
1910 
1902 


1848 


1902 


1895 


1880 


1860 


1909 


1898 


1910 
1905 
1912 


1883 


1868 


1881 


1891 


1875 


1877 


1889 


1895 


1909 
1907 
1910 
1907 


Feb. 
Feb. 
Jan. 


May 


Noy. 


Feb. 


Novy. 


Feb. 


Feb. 


25 

“ 
20 
22 
24 
11 
22 
27 


22 


21 
ll 


FELLOWS OF THE 


Cole, S. W., M.A. (Zrinity Coll.) 11, Latham Road. 
Compton, R. H., M.A. Gonville and Caius College. 
aCooper, C. Forster, M.A. (Trinity Coll.) The Poplars, 
Grantchester Meadows. 
a Cooper, Rev. J. E., M.A. (St John’s Coll.) The Rectory, 
Forncett St Mary, Long Stratton, Norfolk. 
Cooper, W. F., B.A. (Clare Coll.) 7, Grosvenor Road, 
Watford. 
a Cowell, P. H., M.A., F.R.S.  (Zrinity Coll.) 62, Shooter's 
Hill Road, Blackheath, SE. 
aCreighton, C., M.A. (King’s Coll.) 32, Great Ormond 
Street, London, W.C. 
a Crosse, Rev. C. H., M.A. (Caius Coll.) 32, Moore Street, 
Cadogan Square, London, S.W. 
Crowther, J. A., M.A. (St John’s Coll.) 57, De Freville 


Avenue. 
D 
a Dalton, J. H. C., M.D. (Trinity Coll.) The Plot, Adams 
Road. 


Daniell, P. J., B.A. (Trinity Coll.) University, Liverpool. 

D’Arcy, R. F., M.A. Gonville and Caius College. 

Darwin, C. G., B.A. (Trinity Coll.) 20, Banff Road, 
Rusholme, Manchester. 


a Darwin, F.,Se.D., F.R.S.  (Christ’s Coll.) 10, Madingley 
Road. 


a Darwin, Sir G. H., K.C.B., M.A., F.R.S., Plumian Pro- 
fessor of Astronomy. (Trinity Coll.) Newnham 
Grange. 

a Darwin, H., M.A., F.R.S. (Trinity Coll.) The Orchard, 
Huntingdon Road. 

Dawson, H. G., M.A. (Christ’s Coll.) 16, The Mount, 
Broomhill, Sheffield. 


a Dewar, Sir J., Kt., M.A., F.R.S., Jacksonian Professor 
of Natural Experimental Philosophy. (Peterhouse.) 
1, Scroope Terrace. _ 


a Dickson, J. D. H., M.A. (Peterhouse.) 6, Cranmer Road. 


a Dixon, A. C.,Sc.D., F.R.S. (Trinity Coll.) Hurstwood, 
52, Malone Park, Belfast. 


Dixon, E. T., M.A. (Zrinity Coll.) Racketts, Hythe, 
Hants. 


a Dixon, G., M.A. Trinity College. 
a Dixon, W. E., M.A. (Downing Coll.) The Museums. 
a Dobbs, F. W., M.A. (Trinity Coll.) Eton College, Windsor. 


Dobell, C. C., B.A. (Zrinity Coll.) Imperial College of 
Science, S. Kensington, London, S. W. 


a Life Members. 
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Date of Election 


1885 
1901 


1907 
1896 
1867 
1904 


1906 


Mar. 
Nov. 


Feb. 
Feb. 


Apr. 
Nov. 


Nov. 


Nov. 


Feb. 


Mar. 


Feb. 
Feb. 


Noy. 


Nov. 
Mar. 


Mar. 
Nov. 
Nov. 
Mar. 
Mar. 


Feb. ¢ 


Feb. 


Feb. 
Feb. 


Mar. 
Nov. 


16 
25 


11 
10 
29 
28 


26 


a Dodds, J. M., M.A. Peterhouse. 
a Doncaster, L., M.A. (King’s Coll.) Millington Lodge, 
Millington Road. 
Dootson, F. W., M.A. Trinity Hall. 
a Duckworth, W. L. H., M.D., Se.D. Jesus College. 
a Dunn, T. W., M.A. (Peterhouse.) Milton, Cambs. 


a Durack, J. J. E., BA. (Trinity Coll.) Muir Central 
College, Allahabad, India. 


a Dykes, F. J., M.A. Trinity College. 


E 


a Eddington, A. 8., M.A. (Trinity Coll.) Royal Obser- 
vatory, Greenwich, S.E. 


Ellis, W. G. P., M.D. (St Catharine’s Coll.) 67, St Andrew’s 
Street. 


a Elphinstone, Sir H. W., M.A. (Trinity Coll.) 2, Stone 
Buildings, Lincoln’s Inn, London, W.C. 


a Evans, A. H., M.A. (Clare Coll.) 9, Harvey Road. 
a Ewing, Sir J. A., K.C.B., M.A., F.R.S. (King’s Coll.) 
Froghole, Edenbridge, Kent. 


EF 
aFantham, H. B., B.A. (Christ’s Coll.) Liverpool School 
of Tropical Medicine, Liverpool. 
a Fearnsides, W. G., M.A. Sidney Sussex College. 


aFenton, H. J. H., Sc.D. F.RS. (Christ's Coll.) 
19, Brookside. 

aFerrar, H. T., M.A. (Stdney Sussex Coll.) clo Survey 
Department, Cairo, Egypt. 

Field, J. H., B.A. (St John’s Coll.) Constantin, Simla, 

India. 

a Filon, L. N. G., M.A. (King’s Coll.) Vega, Blenheim 
Park Road, South Croydon, Surrey. 


a Finch, G. B., M.A. (Queens Coll.) Howes Close, Hunt- 
ingdon Road. 


aFinch, J. E. M., M.D. (Trinity Hall.) The Borough 
Asylum, Leicester. 


a Fisher, Rev. O., M.A. (Jesus Coll.) Graveley, Huntingdon. 


a Fitzpatrick, Rev. T. C., M.A., President of Queens’ 
College. 


Fletcher, W. M., M.D. Trinity College. 

Forsyth, A. R., Sc.D., F.R.S. (Trinity Coll.) 

Fowler, R. H., B.A. Trinity College. 

Fryer, J.C. F., B.A. (Cazus Coll.) The Priory, Chatteris, 


Cambs. 


a Life Members. 
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Date of Election 


1884 
1887 
1898 


1885 


1877 


1859 


1906 
1878 


1871 
1879 


1862 
1857 


1889 


1898 
1904 


1880 


1896 
1871 


1904 
1888 


1891 
1871 


1866 


1897 


Noy. 24 
Feb. 28 
May 2 


Feb. «16 
Apr. 23 
Nov. 28 


Mar. 12 
Oct. 21 


Mar. 13 
Oct. 27 


May 19 
Oct. 26 


Mar. 11 


Nov. 28 
Jan. 18 


Feb. 23 


Feb. 24 
May 1 


Feb. 29 
June 4 


Feb. 9 
Mar. 13 


Nov. 26 


FELLOWS OF THE 


G 


Gadow, H., M.A., F.R.S. (Aing’s Coll.) Great Shelford. 
a Gallop, E. G., M.A. Caius College. 
aGardiner, J. Stanley, M.A., F.R.S., Professor of Zoology 
and Comparative Anatomy. (Caius Coll.) White- 
thorn, Barton Road. 
a Gardiner, W., Sc.D., F.R.S. (Clare Coll.) 45, Hills Road. 
aGaskell, W. H., M.D., F.R.S. (Trinity Hall.) The 
Uplands, Great Shelford, Cambridge. 
aGatty, C. H., M.A. (Trinity Coll.) Felbridge Place, 
East Grinstead, Sussex. 
Gaul, P.C., M.A. Trinity Hall. 


a Gibbons, F. B.deG., M.A. (Cazus Coll.) c/o Bank of New 
Zealand, 1, Queen Victoria St., Mansion House, E.C. 


a Glaisher, J. W. L., Se.D., F.R.S. Trinity College. 


a Glazebrook, R, T., Sc.D., F.R.S. (Trinity Coll.) Bushy 
House, Teddington, Middlesex. 


a Godson, A., M.B. (Trinity Coll.) Cheadle, Manchester. 


a Gorst, Right Hon. Sir J. E., Kt., M.A., F.R.S. (St John’s 
Coll.) 84, Campden Hill Court, London, W. 
a Gosse, E. W., M.A. (Zrinity Coll.) 17, Hanover Terrace, 
Regent’s Park, N.W. 
Grace, J. H., M.A., F.R.S. Peterhouse. 


Graham-Smith, G.8., M.D. (Pembroke Coll.) East View, 
Hills Road. 


Greaves, J.. M.A. (Christ’s Coll.) Whinside, Mount 
Pleasant. 


Green, J. R., Se.D., F.R.S. Downing College. 


aGreenhill, Sir A. G., M.A., F.R.S. (Emmanuel Coll.) 
1, Staple Inn, London, W.C. 


Gregory, R. P., M.A. St John’s College. 


a Griffiths, E. H., Se.D., F.R.S. (Stdney Coll.) University 
College, Cardiff. 
Griffiths, J., M.A. (A7zng’s Coll.) 1, St Peter’s Terrace. 
a Gwatkin, Rev. H. M., M.A., Dixie Professor of Eccle- 


siastical History. (Ammanuel Coll.) 8, Scroope 
Terrace. 


a Gwatkin, Rev. T., M.A. (St John’s Coll.) 3, St Paul’s 
Road, 


H 


a Haddon, A. C., Sc.D., F.R.S.  (Christ’s Coll.) Inisfail, 
Hills Road. 


a Harding, W. A. H., M.A. (Peterhouse.) Histon Manor, 
Cambs. 


a Life Members. 
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Date of Election 


1901 
1889 


1896 


1888 
1886 


1908 


1909 
1909 


1904 


1892 


1912 
1908 


1869 


1887 


1840 


1882 


1876 


1863 


1881 
1900 


1868 


1883 


1902 


1878 


1863 


1901 


Noy. 


May 


Mar. 


May 
Mar. 


May 


Feb. 
Feb. 


Feb. 
Feb. 


May 


Noy. 


Mar. 


Feb. 


25 


a Hardy, G. H., M.A. Trinity College. 
a Hardy, W. B., M.A., F.R.S. (Cactus Coll.) Newnham 
Lea, Grange Road. 
a Hargreaves, R., M.A. (St John’s Coll.) 126, Eastbourne 
Road, Birkdale, Southport. 
Harker, A., M.A., F.R.S. St John’s College. 
a Harmer, 8. F., Se.D., F.R.S. (Aing’s Coll.) 58, Albemarle 
Road, Beckenham, Kent. 
Harrison, W. J., B.A. (Clare Coll.) 9, Buckingham 
Avenue, Sefton Park, Liverpool. 
Harvey, W. H. (Christ’s Coll.) The Museums. 
a Haslam, H. C., M.A., M.B. (Caius Coll.) Lyndhurst, 
Grange Road. 
Havelock, T. H., M.A. (St John’s Coll.)  Rockliffe, 
Gosforth, Newcastle-on-Tyne. 
Heape, W., M.A., F.R.S. (Trinity Coll.) Greyfriars, 
Southwold, Suffolk. 
Hele, T. Shirley, M.D. Emmanuel College. 
Henry, A., M.A., Reader in Forestry. (Caius Coll.) 
37, Chesterton Road. 
a Henslow, Rev. G., M.A. (Christ’s Coll.) Drayton House, 
Leamington. 
Herman, R. A., M.A. (Trinity Coll.) Michaelhouse, 
Millington Road. 
a Hervey, Rev. T., M.A. (Clare Coll.) Colmer Rectory, 
Alton, Hants. 
a Heycock, C. T., M.A., F.R.S. (King’s Coll.) 3, St Peter’s 
Terrace. 
a Hicks, W. M., Sc.D., F.R.S. (St John’s Coll.) University 
College, Sheffield. 
a Hiern, W. P., M.A., F.R.S. (St John’s Coll.) The Castle, 
Barnstaple. 
Hill, A., M.D. (Downing Coll.) Brookland, Royston, Herts. 
Hill, A. W., M.A. (King’s Coll.) 4, Beanston Road, 
Kew Gardens, Surrey. 
a Hill, Rev. E., M.A. (S¢ John’s Coll.) Cockfield Rectory, 
Bury St Edmunds. 
a Hill, M. J. M., Se.D., F.R.S. (Peterhouse.) University 
College, London, W.C. 
a Hinks, A. R., M.A. (Trinity Coll.) The Observatory. 
Hobson, E. W., Sc.D., F.R.S., Sadlerian Professor of 
Pure Mathematics. (Christ’s Coll.) The Gables, 
Mount Pleasant. 
a Hollis, W. A., M.D. (Trinity Coll.) Salisbury Lodge, 
Salisbury Road, Hove. 
Hopkins, F. G., M.A., F.R.S. (Emmanuel Coll.) Sax- 
meadham, Grange Road. 


a Life Members, 
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Date of Election 


1905 


1906 
1897 


1908 
1863 


1906 


1869 


1873 
1906 
1896 


1892 


1901 


1868 
1901 
1854 
1902 


1891 


1898 
1841 


1911 


Jan. 


Nov. 


Apr. 


May 
Dec. 


Feb. 


May 


Mar. 


Jan. 2 


Noy. 


Nov. 


Mar. 


30 


26 
26 


23 


14 


is 


eal 


. 28 
. 13 


ei 


FELLOWS OF THE 


a Hopkinson, B., M.A., Professor of Mechanism and Applied 
Mechanics. (Trinity Coll.) 5, Adams Road. 

a Horton, F., M.A. (St John’s Coll.) 41, Barton Road, 

aHough, 8. 8S. M.A., F.R.S. (St John’s Coll.) Royal 
Observatory, Cape of Good Hope. 

Hubrecht, J. B., M.A. (Christ's Coll.) 15, Oxford Read. 

a Hudson, W. H. H., M.A. (St John’s Coll.) 34, Birdhurst 
Road, Croydon. 

Hiigel, Baron A. von, M.A. (Trinity Coll.) Croft Cottage, 
Barton Road. 

a Hughes, T. MeKenny, M.A., F.R.S., Woodwardian Pro- 
fessor of Geology. (Clare Coll.) Ravensworth, The 
Avenue. 

aHumphry, A. P., M.A. (Trinity Coll.) Horham Hall, 
Thaaxted, Essex. 

aHumphry, L., M.D. (Trinity Coll.) Lensfield House, 
Lensfield Road. 

a Hurst, G. H. J., M.A. (King’s Coll.) 5, New Square, 
Lincoln’s Inn, W.C. 

a Hutchinson, A., M.A. Pembroke College. 


I 
Inglis, C. E., M.A. (King’s Coll.) Grantchester. 


J 
a Jackson, H., Litt.D., Regius Professor of Greek. Trinity 
College. 
a Jackson, H., M.A. (Downing Coll.) St Michal, Grasmere, 
Westmorland. 


aJeakes, Rev. J.. M.A. (Peterhouse.) 4, Cornwall Terrace, 
London, N.W. 


aJeans, J. H., M.A., F.R.S. (Trinity Coll.) Woodlands, 
Chaucer Road. 


Jones, E. Lloyd, M.D. (Downing Coll.) Corpus Buildings, 
Trumpington Street. 


K 


aKerr, J. Graham, M.A. (Christ's Coll.) University, 
Glasgow. 
a Kingsley, Rev. W. T., B.D. (Sidney Coll.) S. Kilvington 
Rectory, Thirsk, Yorks. 
Kleeman, R. D., B.A. (Emmanuel Coll.) 104, Mawson 
Road, 


a Life Members. 
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Date of Election 


1894 


1900 : 


1899 


1906 


1901 


1907 


1876 


1883 


1863 
1895 


1877 
1885 


1900 
1876 


1880 
1891 


1909 
1852 


1897 
1905 
1887 


1883 


1905 


Feb. 
May 
Feb. 
Novy. 
Nov. 
Feb. 
Feb. 
Feb. 


Noy. 
Feb. 


Apr. 
May 


Jan. 
Dec. 


Feb. 
June 


Jan. 
Mar. 


Feb. 
Nov. 
Mar. 


Nov. 


Feb. 


26 
21 
20 


26 


25 


11 


14 


26 


23 
25 


L 


Lake, P., M.A. (St John’s Coll.) 53, Jesus Lane. 
a Lamb, C. G., M.A. (Clare Coll.) Ely Villa, Glisson Road. 
Lamb, H., M.A., F.R.S. (Zrinity Coll.) 6, Wilbraham 
Road, Fallowfield, Manchester. 
Lamplough, F. E. E., M.A. (Zrinity Coll.) 24, Carlyle 
Road. 
Lanchester, W. F., M.A. (King’s Coll.) 19, Fernshaw 
Road, Chelsea, S.W. 
Landon, J. W., M.A. (Sidney Sussex Coll.) 37, Barton 
Road. 
alLangley, J. N., Sc.D., F.R.S., Professor of Physiology. 
(Trinity Coll.) Hedgerley Lodge, Madingley Road. 
aLarmor, Sir J., M.A., F.R.S., Lucasian Professor of 
Mathematics. St John’s College. 
a Latham, P. W., M.D. (Cazus Coll.) 
allay, C. J.. M.A. (St Catharine’s Coll.) 239, Pershore 
Road, Birmingham. 
a Lea, A.S.,Se.D., F.R.S. (Catus Coll.) Sunnyside, Sidcup, 
Kent. 
a Leahy, A. H., M.A. (Pembroke Coll.) 92, Ashdell Road, 
Sheffield. 
a Leathem, J.G., M.A. (St John’s Coll.) 5, Harvey Road. 
a Lewis, T. C., M.A. (Vrinity Coll.) West Home, West 


Road. 
a Lewis, W. J., M.A., Professor of Mineralogy. Trinity 
College. 


Lister, J. J.. M.A., F.R.S. (S¢ John’s Coll.) Merton 
House, Grantchester. 
Littlewood, J. E., M.A. Trinity College. 
a Liveing, G. D., Se.D., F.R.S. (St John’s Coll.) The Pightle, 
Newnham. 
a Liversidge, A., M.A., F.R.S. (Christ's Coll.) Hornton 
Cottage, Hornton St., Kensington, London, W. 
a Lock, R. H., Se.D. (Caius Coll.) Royal Botanic Gardens, 
Peradeniya, Ceylon. 
a Love, A. E. H., M.A., F.R.S. (St John’s Coll.) 34, St 
Margaret's Road, Oxford. 
a Love, E. F. J., M.A. (St John’s Coll.) The University, 
Melbourne, Australia. 213, Sydney Road, Royal 
Park, Melbourne. 


Lucas, K., Sc.D. Trinity College. 


a Life Members. 
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Date of Election 


1883 


1878 


1888 
1894 


1896 


1905 


Nov. 


Feb. 


Mar. 
Jan. 


Nov. 


Jan. 


Apr. 


Nov. 


May 
May 


Nov. 
Nov. 


Nov. 
Novy. 


May 
Feb. 


Apr. 


Novy. 


May 


Nov. £ 
Noy. 


Nov. 


Feb. 


Oct. 


Nov. 


Nov. 


26 


25 


12 
29 


23 


30 


FELLOWS OF THE 
M 


a Macalister, A., M.D., F.R.S., Professor of Anatomy. 
(St John’s Coll.) Torrisdale, Lady Margaret Road. 
MacAlister, Sir Donald, M.D. (St John’s Coll.) Uni- 
versity, Glasgow. 
Macaulay, W. H., M.A. King’s College. 
a MacBride, E. W., M.A., F.R.S. (St John’s Coll.) Imperial 
College of Science, S. Kensington, S. W. 
a Macdonald, H. M., M.A., F.R.S. (Clare Coll.) 26, Carden 
Place, Aberdeen. 
M«Dowall, S. A., B.A. (Trinity Coll.) The College, 
Winchester. 
a Mair, D. B., M.A. (Christ's Coll.) Civil Service Com- 
mission, Cannon Road, S.W. 
Malden, W., M.D. (Trinity Coll.) 58, Lensfield Road. 
Manners-Smith, T., M.B. Downing College. 
Marr, J. E., Sc.D., F.R.S. (St John’s Coll.) 104, Hunt- 
ingdon Road. 
Marsh, F. Howard, M.A., Master of Downing College, 
Professor of Surgery. Downing College Lodge. 
a Marshall, A., M.A. (St John’s Coll.) Balliol Croft, 
Madingley Road. 
Marshall, F. H. A., Se.D. Christ’s College. 
a Mason, C. C., M.A. (Trinity Hall.) Beverley, Cavendish 
Avenue. 
a Mason, Rey. P. H., M.A. (St John’s Coll.) 6, Brookside. 
a Mathews, G. B., M.A., F.R.S. (St John’s Coll.) 10, Menai 
View Terrace, Upper Bangor, North Wales. 
Mayall, R. H. D., M.A. (Sidney Coll.) The Birches, 
Cavendish Avenue. 
a Mercer, J.. M.A. Christ’s College. 
Middleton, T. H., M.A. (St John’s Coll.) Board of 
Agriculture and Fisheries, 4, Whitehall Place, S. W. 
Mines, G. R., M.A. Sidney Sussex College. 
a Mollison, W. L., M.A. (Clare Coll.) 5, Cranmer Road, 
Grange Road. 
a Moorhouse, Right Rev. James, D.D. (St John’s Coll.) 
Poundesford Park, Taunton. 
a Morgan, Rev. H. A., D.D., Master of Jesus College. 
Jesus College Lodge. 
a Morrell, R.S., M.A. (Catus Coll.) Tor Lodge, Tettenhall 
Wood, Wolverhampton. 
Moss, C. E., B.A. (Emmanuel Coll.) Botany School. 
Mottram, V. H., M.A. (Trinity Coll.) University 
Physiological Laboratory, Liverpool. 


a Myers, C. S., M.D. (Cazus Coll.) Beech Holt, Gt Shelford, 
Cambs. 


a Life Members. 
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Date of Election 
1844 Feb. 5 
1875 Feb. 8 
1886 May 24 
1906 Nov. 26 
1876 Dec. 4 
1901 May 20 
1900 May 21 
1898 Nov. 28 
1911 Nov. 27 
1907 May 20 
1909 Feb. 22 
1896 Feb. 14 
1891 May 4 
1865 Feb. 27 
1906 Nov. 26 
1858 Feb. 8 
1858 Apr. 26 
1906 Mar. 12 
1854 Mar. 27 
1894 Apr. 30 
1908 Nov. 9 


N 


a Nelson, Earl, M.A. (Trinity Coll.) Trafalgar House, 
Salisbury. 

a Neville, F. H., M.A., F.R.S. (Stdney Coll.) 7, Golf Terrace, 
Newquay, Cornwall. 

a Newall, H. F., M.A., F.R.S., Professor of Astrophysics. 
(Trinity Coll.) Madingley Rise, Cambridge. 

a Nicholson, J. W., M.A. Trinity College. 


a Niven, Sir W. D., K.C.B., M.A., F.R.S. (Trinity Coll.) 
Eastburn, Sidcup, Kent. 


a Nuttall, G. H. F., Se.D., F.R.S., Quick Professor of 
Biology. (Christ's Coll.) 3, Cranmer Road, Grange 
Road. 


O 


Oldham, H. Yule, M.A. Xing’s College. 

Orr, W. McF., M.A. (St John’s Coll.) Innisfail, Bushey 
Park Road, Rathgar, Dublin. 

Oxley, A. E., B.A. Trinity College. 


P 
Page, W. M., B.A. (King’s Coll.) 22, Sion Hill, Clifton, 
Bristol. 
Paine, H. H., BA. (Trinity Coll.) University College, 
Aberystwyth. 


a Parkin, J.. M.A. (Trinity Coll.) 37, Jesus Lane. 
Peace, J. B., M.A. (Emmanuel Coll.) 1, Wollaston Road. 


a Pearce, Rey. Canon. (Cazus Coll.) Bedlington Vicarage, 
RS.O., Northumberland. 


Pearce, N. D. F., M.A. (Trinity Coll.) Cedar House, 


Grantchester. 


a Pearson, Rev. J. B., D.D. (Emmanuel Coll.) Whitstone 
Rectory, Exeter. 


a Pennant, P. P., M.A. (St John’s Coll.) Nautlys, St Asaph. 
Oxford and Cambridge Club, Pall Mall, W.C. 


Perrin, W.S., M.A. Cazus College. 
a Phear, Rev. 8. G., D.D. (Zmmanuel Coll.) 
a Pocklington, H. C., M.A., F.RS. (St John’s Coll.) 
11, Regent Park Terrace, Leeds, 


a Pope, W. J., M.A., F.R.S., Professor of Chemistry. 
(Sidney Sussex Coll.) Chemical Laboratory. 


a Life Members. 
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Date of Election 


1883 


1906 
1856 


1912 
1863 


1871 


1902 
1903 


Mar. 


Nov. 
Nov. 


May 
May 


Mar. 


Feb. 
May 


Feb. 


Nov. 


May 
Feb. 


Nov. 


Nov. 


Mar. 
Jan. 
Jan. 


Oct. 
Nov. 
Oct. 


Feb. 


Mar. 


Mar. 


Mar. 


Feb. 


Feb. 
Feb. 


Nov. 


Feb. 


12 


26 
6 


6 
4 


13 


24 
26 


FELLOWS OF THE 


a Potter, M. C., M.A. (Peterhouse.) Armstrong College, 
Newcastle-on-Tyne. 


Potts, F. A.. M.A. Trinity Hall. 


a Prescott, Ven. Archdeacon, D.D. (Corpus Coll.) The 
Abbey, Carlisle. 


Price, S. R., B.A. Clare College. 


a Prior, Jos, M.A. (Trinity Coll.) The Orchard, Trump- 
ington Road. 
aPryor, M. R. M.A. (Trinity Coll.) Weston Manor, 
Stevenage, Herts. 
Punnett, R. C., M.A., Professor of Biology. Cazus College. 


Purvis, J. E., M.A. (St John’s Coll.) University Chemical 
Laboratory. 


R 
a Ramsey, A. S., M.A. (Magdalene Coll.) Buckingham 
Road. 
Rastall, R. H., M.A. Christ's College. 
Raven, C. E., B.A. Emmanuel College. 


a Rayleigh, Lord, Se.D., F.R.S. (Trinity Coll.) Terling 
Place, Witham, Essex. 


Reed, F. R. Cowper, M.A. (Trinity Coll.) Madingley 
Road. 


a Richardson, O. W., M.A. (Trinity Coll.) The University, 
Princeton, New Jersey, U.S.A. 


a Riches, T. H., M.A. (Caius Coll.) Kitwells, Shenley, Herts. 
Richmond, H. W., M.A. King’s College. 


Ridgeway, W., M.A., Disney Professor of Archaeology. 
(Caius Coll.) Fen Ditton, Cambs. 


Rivers, W. H. R., M.A., F.R.S. St John’s College. 
a Robb, A. A., M.A. (St John’s Coll.) 57, Sidney St. 
a Roberts, R. D., M.A. (Clare Coll.) 1, Plowden Buildings, 
Temple, E.C. 
a Robson, H. C., M.A. (Sidney Coll.) 10, Park Terrace. 
Rogers, G. F., M.D. (Caius Coll.) 4, King’s Parade. 


a Rollo, Lord, M.A. (Trinity Coll.) Dunerub Castle, 
Perthshire, N.B. 


Romanes, J., B.A. Christ's College. 


Rothschild, Hon. N. C., M.A. (Trinity Coll.) Arundel 
House, Kensington Palace Gardens, W. 

Rottenburg, H., M.A. (King’s Coll.) 13, Madingley Road. 

Rudge, W. A. D., M.A. (St John’s Coll.) University 
College, Bloemfontein, Orange River Colony, S. Africa. 

Ruhemann, 8., M.A. (Caius Coll.) 3, Selwyn Gardens. 

Rutherford, E., B.A. (Trinity Coll.) The University, 
Manchester. 


a Life Members. 
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Date of Election 


1907 
1909 
1879 


1908 
1883 


1889 
1878 
1898 


1878 
1890 


1909 
1878 


1908 
1886 


1885 


1889 
1886 


1891 


1890 
1900 


1906 
1853 


1873 


1911 
1905 
1901 


1866 


Nov. 


Feb. 


Nov. 


Jan. 
Feb. 


25 


22 


24 


20 


. 23 


S 


Salaman, R. N., M.D. (Trinity Hall.) Homestall, 
Barley, near Royston, Herts. 
Scales, F. Shillington, M.A. (Jesus Coll.) Redcourt, 
Adams Road. 
aScott, A., Sc.D. F.R.S. (Zrinity Coll.) 34, Upper 
Hamilton Terrace, London, N.W. 
Scott, Hugh, M.A. (Zvrinity Coll.) The Museums. 
Scott, R. F., M.A., Master of St John’s College. 
St John’s College Lodge. 
Searle, G. F. C., Sc.D., F.R.S. (Peterhouse.) Wyncote, 
Hills Road. 
a Sedgwick, A., M.A., F.R.S. (Trinity Coll.) 4, Sumner 
Place, London, S.W. 
Sedgwick, W. F., M.A. (Trinity Coll.) 28, Horbury 
Crescent, Notting Hill Gate, W. 
a Sell, W.J.,Sc.D., F.R.S. (Christ’s Coll.) 38, Lensfield Road. 
aSeward, A. C., M.A., F.R.S., Professor of Botany. (Hm- 
manuel Coll.) Westfield, Huntingdon Road. 
a Shaw, T. Knox, B.A. Sidney Sussex College. 
a Shaw, W.N.,Sc.D., F.R.S. (Hmmanuel Coll.) 10, Moreton 
Gardens, Kensington, S. W. 
Shearer, C., M.A. Clare College. 
aSheppard, W. F., Sc.D. (Trinity Coll.) Braybrooke, 
Worcester Road, Sutton, Surrey. 
a Shipley, A. E., Sc.D., F.R.S., Master of Christ’s College. 
Christ’s College Lodge. 
Shore, L. E., M.D. St John’s College. 
aSinclair, F. G., M.A. (Trinity Coll.) Friday Hill, 
Chingford, Essex. 
aSkinner, S., M.A. (Christ’s Coll.) South Western 
Polytechnic, Manresa Road, Chelsea, S. W. 
aSolly, R. H., M.A. (Downing Coll.) 
a Somerville, W., M.A. (King’s Coll.) 121, Banbury Road, 
Oxford. 
Spens, W., M.A. (King’s Coll.) Corpus Christi College. 
a Sprague, T. B., M.A. (St John’s Coll.) 29, Buckingham 
Terrace, Edinburgh. 
aStanton, Rev. V.H., D.D., Ely Professor of Divinity. 
Trinity College. 
Stead, G., B.A. Clare College. 
aStratton, F. J. M., M.A. Cazus College. 
Strutt, Hon. R.J., M.A., F.R.S. (Trinity Coll.) 54, Onslow 
Square, London, 8S. W. 
aStuart, J.. M.A. (Trinity Coll.) 24, Grosvenor Road, 
London, S. W. 


a Life Members. 
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Date of Election 


1907 
1871 


1910 
‘1910 


1885 


1885 


1902 
1899 


1896 


1906 
1878 


1898 
1896 
1889 


1908 
1898 
1897 


1907 


Mar. 
Mar. 


Feb. 


Feb. 


Mar. 


Feb. 


Feb. 


Noy. 


Feb. 


Oct. 
Oct. 


Noy. 
Apr. 
Nov. 
Oct. ¢ 
Nov. 


Nov. ¢ 


Jan. 


11 
13 


‘ 
— 
‘ 


16 


16 


29 
21 


FELLOWS OF THE 


‘lis 


aTansley, A. G., M.A. (Trinity Coll.) Grantchester. 
a Taylor, H. M., M.A., F.R.S. (Zrinity Coll.) The Yews, 


Newnham. 2 
Thoday, D., M.A. (Trinity Coll.) The University, Man- 
chester. 
Thomas, H. Hamshaw, M.A. (Downing Coll.) 41, Owlstone 
Road. 


a Thomson, Sir J. J., M.A., F.R.S., Cavendish Professor of 
Experimental Physics. (Trinity Coll.) Holmleigh,- 
West Road. 


a Threlfall, R., M.A., F.R.S.  (Cacus Coll.) Oakhurst, 
Church Road, Edgbaston, Birmingham. 
Tims, H. W. Marett, M.A. (King’s Coll.) 8, Brookside. 
Townsend, J. 8. E., M.A., F.R.S.  (Zrinity Coll.) New 
College, Oxford. 
a Tuckett, I. L., M.D. (Trinity Coll.) Punchardon Hall, 
Willian, Herts. 


V 


Valentine- Richards, Rev. Alfred V., M.A. Christ’s College. 


a Vines, 8S. H., Se.D., F.R.S. (Christ’s Coll.) Headington 
Hill, Oxford. 


W 


a Walker, G. T., Sce.D., F.R.S. (Zrinity Coll.) Meteoro- 
logical Office, Simla, India. 


a Wallis, A. J., M.A. (Corpus Christi Coll.) 5, Belvoir 


Terrace. 


Warburton, C., M.A. (Christ’s Coll.) Yewgarth, Grant- 


chester, Cambs. 
a Watson, G. N., M.A. Trinity College. 
a Welsh, W., M.A. Jesus College. 


a Western, A. E., M.A. (Trinity Coll.) 36, Lancaster 
Gate, London, W. 


Wherry, G. E.,, M.A. (Downing Coll.) 5, St Peter's 
Terrace. 


a Life Members. 
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Date of Election 
1891 May 4 aWhetham, W. C. D., M.A., F.R.S. (Trinity Coll.) Up- 
water Lodge, Chaucer Road. 


1912 Jan. 29 Whiddington, R., B.A. St John’s College. 


1887 Feb. 28 Whitehead, A. N.,Sc.D., F.R.S. (Z'rinity Coll.) 47, Carlyle 
Square, Chelsea, London, S. W. 


1897 Nov.22 «Whittaker, E. T., M.A., F.R.S. (Trinity Coll.) The 
Observatory, Dunsink, Co. Dublin. 

1907 Feb. 25 Widdicombe, J. H., M.A. Downing College. 

1884 Noy. 24 aWilberforce, L. R., M.A. (Trinity Coll.) University, 
Liverpool. 


1855 Mar.19 a Wilkinson, Rev. M. M. U., M.A. (TZrinity Coll.) Reepham 
Rectory, Norfolk. 

#912 Jan. 29 Wilks, W. A. R., M.A. Gonville and Caius College. 

1899 Jan. 23 aWilley, A., M.A., F.R.S. (Christ’s Coll.) Zool. Dept. 
McGill Univ., Montreal, Canada. 

1910 Mar, 14 Wills, L. J., M.A. (King’s Coll.) Geological Survey of 
England, The Museum, Jermyn St., London, S. W. 


1896 Apr. 27 Wilson, C. T. R., M.A., F.R.S. (Sidney Sussex Coll.) 
108, Huntingdon Road, 


1900 Nov. 26 a Wilson, G. H. A., M.A. Clare College. 

1901 Oct. 28 a@Wilson, H. A., M.A., F.R.S. (Trinity Coll.) McGill 
~ Univ., Montreal, Canada. 

1907 Feb. 11 Wood, A., M.A. Hmmanuel College. 

1906 Mar. 12 a@ Wood, P. W., M.A. Emmanuel College. 


1901 Feb. 4 a Wood, T. B., M.A., Drapers Professor of Agriculture. 
Caius College. 


1900 Oct. 29 a Woodhead, G. S8., M.A., Professor of Pathology. (7'rin. 
Hall.) Pathological Laboratory. 


1906 Nov. 26 aWoods, H., M.A. (St John’s Coll.) 39, Barton Road. 


1904 Jan. 18 a Woolley, V. J.,M.D. (King’s Coll.) Lissenden Mansions, 
Lassenden Gardens, Highgate Road, London, N.W. 

1905 May 15 Wright, J. Aldren, M.D. (Sidney Sussex Coll.) Corpu 
Buildings. 

1889 Mar. 11 aWright, W. Aldis, M.A. Trinity College. 


me 


1902 Jan. 20 «Young, Rey. A.,Se.D. (Clare Coll.) Birdbrook Rectory, 
Halstead, Essex. 


1890 Feb. 24 a@Young, W. H., Sec.D., F.R.S. (Peterhouse.) La Nonette 
de la Forét, Geneve, Switzerland. 


a Life Members. 


20 

Date of Election 
1912 Feb. 26 
1911 Oct. 30 
1899 Oct. 30 
1910 Nov. 28 
1911 May 22 
1911 Oct. 30 
1912 May 20 
1910 Nov. 14 
1912 Feb. 12 
1912 Feb. 26 
1899 Oct. 30 
1910 Nov. 14 
1898 Oct. 31 
1901 Novy. 11 


FELLOWS OF THE 


ASSOCIATES. 


*Andrade, E. N. da C. Emmanuel. 
*Bowen, J. E. Trinity. 

Bowes, R. Trinity Street. 
*Hatch, F. H. Southaere, Trumpington Road. 
*Jacot, E. Emmanuel. 
*Kerschbaum, F, P. Cazus. 
*MTaggart, H. A. Fitz. Hall. 
*Owen, E. A. Trinity. 
*Shaw, A. N. Caius. 
*Sheppard, 8S. E. Hmmanuel. 

Smith, A. E. Trinity Street. 
*Wasson, J.C. Trinity. 
*Whipple, R.S. 70, Huntingdon Road. 
*Wilson, E. Mill Lane. 


* Permission to borrow books from Library on payment of half-a-guinea annually. 


1884 
1903 


1897 
1903 
1897 


1903 


1890 
1903 


1897 
1878 


1884 
1897 


1890 
1897 


12 


iy 


HONORARY MEMBERS. 


Baeyer, A. von, Professor of Chemistry, Munich. 

Balfour, Isaac Bayley, Professor of Botany, Inverleith 
House, Edinburgh. 

Clarke, A. R., Col. R. E., Reigate. 

Dana, Professor Edward $8., New Haven, Conn., U.S.A. 

Fischer, Emil, Professor of Chemistry, Universitit, Berlin. 

Geikie, Sir Archibald, Sc.D., Shepherd’s Down, Hasle- 
mere, Surrey. 


Heymons, Richard, Professor of Zoology, Universitit, 
Berlin. 


Hill, G. W., Sc.D., West Nyack, N.Y., U.S.A. 

Jordan, Camille, Professor of Mathematics, Collége de 
France, Paris. 

Kirk, Sir John, Sc.D., Wavertree, Sevenoaks. 

Klein, Prof. Felix, Sc.D., Wilhelm-Weberstrasse 3, Got- 
tingen. 

Lankester, E. Ray, 29, Thurloe Place, London, S.W. 

MacMahon, Major P. A., R.A., 27, Evelyn Mansions, 
Carlisle Place, London, S.W. 

Metschnikoff, Prof. Elias, Sc.D., Institut Pasteur, Paris. 

Michelson, Professor A. A., Sc.D., The Ryerson Physical 
Laboratory, Chicago. 
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Date of Election 


1884 


1897 


1903 


1897 
1884 


1897 


1903 


1890 


1903 


1884 


1903 


1884 


May 
May 
Jan. 


May 
May 


May 


Jan. 


Nov. 


Jan. 
May 
Jan. 


May 


12 


24 


19 


24 
12 


24 


19 


24 


19 


12 


19 


12 


Mittag-Lefiler, G., Professor of Mathematics, Djursholm, 
Stockholm. 

Norman, Rev. Canon, The Red House, Berkhamstead 
Herts. 

Osborn, Henry F., Professor of Zoology, Columbia Uni- 
versity, New York. 

Pfeffer, Professor W., Sc.D., Leipzig. 

Quincke, G., Sc.D., Professor of Physics, Bergstrasse 41, 
Heidelberg. 

Bout a Augusto, Instituto di Fisica, Bologna, 

taly. 

Réntgen, Wilhelm Konrad von, Professor of Experimental 
Physics, Universitat, Munich. 

Schuster, Arthur, Se.D., Professor of Physics, Victoria 
Park, Manchester. 

Segre, Corrado, Professor of Higher Geometry, Universita, 
Turin. 

Thiselton-Dyer, Sir W. T., K.C.M.G., C.LE., F.R.S. The 
Ferns, Witcombe, Gloucester. 

Vries, Hugo de, Professor of Plant Anatomy and Physio- 
logy, University, Amsterdam. 

Zeuthen, H. G., Professor of Mathematics, Copenhagen, 
6 Citadels Ve] 9, Copenhagen, Denmark. 


’ 


LIST OF SOCIETIES, INSTITUTIONS, AND INDIVIDUALS TO 
WHICH THE PUBLICATIONS OF THE CAMBRIDGE 


Aberdeen, 


Aberystwyth, 


Bangor, 
Belfast, 


Birmingham, 


Bristol, 
Cambridge, 
” 


> 


” 
Cardiff, 
Cork, 
Dublin, 


” 

” 
Dundee, 
Durham, 
Edinburgh, 


” 


Galway, 
Glasgow, 
Lampeter, 
Leeds, 
Liverpool, 
” 
London 


PHILOSOPHICAL SOCIETY ARE SENT. 


AT HOME. 


Transactions and Proceedings. 


University of Aberdeen. 


General Library, University College of Wales. 
(Librarian.) 


University College of North Wales. 

Queen’s College. 

Mason College. 

University. 

University Library. 

Philosophical Library. (Two copies.) 

Girton College Library. 

Newnham College Library. 

University College of South Wales. 

Queen’s College. (The Librarian.) 

Trinity College. 

Royal Dublin Society. 

Royal Irish Academy. 

University College. 

University of Durham. 

University of Edinburgh. 

Advocates’ Library. 

Royal Society of Edinburgh, 22—24, George Street. 

Queen’s College. 

University of Glasgow. 

Philosophical Society of Glasgow. 

St David’s College. 

Yorkshire College of Science. 

University. 

Royal Institution. 

British Museum. (The Superintendent, The Copyright 
Office, W.C.) 

British Museum of Natural History, Cromwell 
Road, S.W. 


Royal Society of London, Burlington House, 
Piccadilly, W. 
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London, Royal Institution, Albemarle Street, W. 


The Editor Sctence Abstracts, The Institution of Elec- 
trical Engineers, Victoria Embankment, S.W. 


Royal Microscopical Society, 20, Hanover Square, W. 

Geological Society, Burlington House, Piccadilly, W. 

Royal Astronomical Society, Burlington House, 
Piccadilly, W. 

Linnean Society of London, Burlington House, 
Piceadilly, W. (The Librarian.) 

Chemical Society, The Editor, 28, Pembury Rd., 
Clapton, N.E. 

Zoological Society, 3, Hanover Square, W. (The 
Librarian.) 

London Mathematical Society, 22, AlbemarleStreet, W. 

Atheneum Club, Pall Mall, S.W. 


Institution of Civil Engineers, 25, Great George Street, 
Westminster, S.W. 


Royal Observatory, Greenwich, 8.E. 
Meteorological Office, South Kensington, 8.W. 
University College, Gower Street, W.C. 


Physical Society, Royal College of Science, South 
Kensington, S.W. 


Manchester, Literary and Philosophical Society of Manchester. 
- The Victoria University. 
Oxford, Bodleian Library. 
" Radcliffe Library. 
* Radcliffe Observatory. 
St Andrews, University of St Andrews. (The Librarian.) 
Sheffield, University. 
Teddington, National Physical Laboratory, Bushy House, Tedding- 


ton, Middlesex. (Dr R. T. Glazebrook, Director.) 


All English Honorary Members (Transactions on application). 


Proceedings. 
Belfast, Natural History and Philosophical Society, Museum, 
College Square. 
Birmingham, Philosophical Society of Birmingham, Norwich Union 
Chambers, Congreve Street. 


Bossington, Dorset Field Club, c/o Captain Elwes, Bossington, 
Bournemouth. 


Edinburgh, Percy H. Grimshaw, Editor Annals of Scottish Natural 
History, The Royal Scottish Museum, Edinburgh. 


Botanical Society of Edinburgh, 5, St Andrew Square. 
(Secretary. ) 


fe Royal Physical Society, Synod Hall. 
Research Laboratory, Royal College of Physicians. 
Mathematical Society, The University. 
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Glasgow, 
Leeds, 


Leicester, 


Liverpool, 


” 


” 


London, 


Newcastle-on-Tyne, 


” 
Norwich, 


Stone, 
Stratford, Essex, 


Wye, 


Albany, N. Y. 
Amsterdam, 


” 


Baltimore, U.S.A., 
Batavia, 


Berlin, 


Geological Society. 
Yorkshire Geological Society, The University. 


Leicester Literary and Philosophical Society, Priory 
Lodge, New Walk. 


The Bio-Chemical Department, The University. 


Departmental Library, School of Pathology. Thomp- 
son Yates Laboratories. 


The Editor, Annals of Tropical Medicine and Para- 
sitology,Johnston Tropical Laboratory, University. 


Dr Sidney Russ, Cancer Research Laboratory, Middle- 
sex Hospital, London. (Two copies.) 


Institution of Electrical Engineers, 92, Victoria St., 


Geologists’ Association, University College, Gower 
Street, London, W.C. 
Patent Office Library, 25, Southampton Buildings, W.C. 


The Editor, The Electrician, 1-3, Salisbury Court, 
Fleet Street, London, E.C. 


The Editor, Nature, c/o Messrs Macmillan and Co., 
St Martin’s Street, W.C. 


Natural History Society. (The Museum.) 
Philosophical Society, Armstrong College. 


Norfolk and Norwich Naturalists’ Society, 81, Surrey 
Street. 


North Staffordshire Field Club, W. Wells Bladen, 
Fairlie, Stone, Staffs. 


Essex Field Club, The Essex Museum of Natural 
History, Romford Rd. 


South-Eastern Agricultural College. 


ABROAD. 


Transactions and Proceedings. 


New York State Library. (Director.) 

Akademie van Wetenschappen. 

Societé Mathématique. (Bibliothéque de l'Université 
d’ Amsterdam, pour la Société Mathématique.) 

Johns Hopkins University. 

Koninklijke Natuurkundige Vereeniging. Weltevreden 
(Batavia) Nederlandsch-Indié. 

Koniglich Preussische Akademie der Wissenschaften, 
Potsdamerstrasse 120, Berlin w. 35. 

Deutsche Physikalische Gesellschaft. 

Gesellschaft Naturforschender Freunde. 

Schweizerische Naturforschende Gesellschaft. 

The University Library. (The Librarian, Royal 
University.) 

Société des Sciences. 
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Boston, U.S.A., 


Breslau, 
Brussels, 


PP 
Buda-Pesth, 
Cadiz, 

Cairo, Egypt, 
Calcutta, 

” 

” 

” 
California, 


” 


” 


bo 
or 


Boston Society of Natural History. 

American Academy of Arts and Sciences, 28, New- 
berry Street. 

Central University Library, Harvard University. 

Schlesische Gesellschaft fiir vaterliindische Cultur. 

Académie Royale des Sciences. 

Observatoire. 

Ungarische Akademie der Wissenschaften. 

Observatory. 

Université Egyptienne. 

Asiatic Society of Bengal, 1, Park Street. 

Public Library. 

Geological Survey of India. (The Director.) 

Calcutta Mathematical Society, Senate House, Calcutta, 

Academy of Sciences, San Francisco. 

Solar Observatory of the Carnegie Institution of 
Washington, Mount Wilson, Pasadena, California. 

University of California, The Exchange Department, 
University Library, Berkeley, U.S.A. 


Cambridge, Mass., U.S.A., Harvard Coll. Observatory. 


Cape of Good Hope, 


Cape Town, 


H.M. Astronomer, Royal Observatory. 


South African Journal of Science. P. O. Box 3. 
(Editor. ) 


Charlottenburg (Germany), Der Prisident der Physikalisch-Technischen 


Cherbourg, 


Chicago, I1., U.S.A., 


Christiania, 
Columbus, 


Copenhagen, 
Dantzig, 
Delft, 
Florence, 
Geneva, 


” 
Gottingen, 
Haarlem, 


” 
Halle a. Saale, 


Heidelberg, 


9 


Helsingfors, 


Reichsanstalt, March-Strasse 25°. 

Société des Sciences Naturelles. 

Field Museum of Natural History. (Director.) 

University. 

A. M. Patterson, Editor, Journal of the American 
Chemical Society, O.S.U., Columbus, Ohio. 

Kongelige Danske Videnskabernes Selskab. 

Naturforschende Gesellschaft. 

Technische Hoogeschool. (Bibliotheek.) 

Biblioteca Nazionale Centrale. 

Institut de Botanique de VUniversité, Genéve, 
Switzerland. 

Société de Physique et d’Histoire Naturelle. 

Gesellschaft der Wissenschaften. 

Musée Teyler. 

Société Hollandaise des Sciences. (M. le Secrétaire.) 


K. Leopoldino-Carolinische Akademie. (Wilhelm- 
strasse 37.) 


Naturhistorisch-Medicinischer Verein. Grossh. Uni- 
versitits-Bibliothek. 


Editor of DBeiblitter zu den Annalen der Physik, 
Bergstrasse 3, Heidelberg. 
Finska Vetenskaps-Societet. 
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Ithaca, New York, 
Japan, 

Jena, 

Kansas, 


Karlsruhe, 


Kasan, 
K6nigsberg, 
Leipzig, 
Lisbon, 


Lund, Sweden, 
Lyons, 


Editor, Physical Review, Cornell University. 

Tokio University. 

Die Medicinisch-naturwiss. Gesellschaft. 

Kansas University, Lawrence, Kas., U.S.A. (The 
Librarian.) 

Prof. Dr P. Askenasy, Redaction Zeitschr, f. Elektro- 
chemie, Stefanienstrasse 96. 

University. 

Physikalische (2konomische Gesellschaft. 

K. Siichsische Gesellschaft der Wissenschaften. 

Commissio do Servico Geologico de Portugal. (Le 
Directeur.) Rua do Arco a Jesus, 113, 2°. 

University. 

Bibliothéque de l'Université de Lyon, 18, Quai Claude- 
Bernard. 


Madison (Wis.), U.S.A., Wisconsin Academy of Sciences. 


Marseilles, 
Melbourne, 
” 


” 


Metz, 
Milan, 
Montevideo, 
Montreal, 
Moscow, 


Munich, 


”? 


Naples, 
Nebraska, 


Newhaven, U.S.A., 
New York, 


Faculté des Sciences. 

Royal Society of Victoria. 

National Museum. (The Librarian.) 

University. 

Académie des Sciences. 

R. Istituto Lombardo di Scienze e Lettere. 

Museo de Historia Natural. 

M°Gill University. 

Société Lnpériale des Naturalistes. 

La Bibliothéque de Université Impériale. 

Bayerische Akademie der Wissenschaften. 

Sternwarte. 

Societa di Naturalisti. 

Societa Reale. 

University of Nebraska, Lincoln, Neb., U.S.A. (The 
Librarian.) 

Connecticut Academy. 

New York Public Library, 476, Fifth Avenue. 


Academy of Sciences, 77th Street, Central Park West. 
(The Librarian.) 


American Mathematical Society, 501, West 116th 
Street, New York City. 


American Museum of Natural History, 77th Street 
and Central Park West, New York City. 


Société des Naturalistes de la Nouvelle Russie. 
Circolo Matematico, Casella postale, 34. 

L’Institut. 

Dépot de la Marine, 13, Rue de l’ Université, Paris, 7¢- 
Musée d’Histoire Naturelle. 


Société Mathématique, Faculté des Sciences, Place de 
la Sorbonne. 
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Paris, 


”? 
Philadelphia, U.S.A., 


” 


” 
Pisa (Italy), 
Pittsburgh, 


Prague, 
Pulkowa, 
Rome, 


” 


” 
St Petersburg, 


” 
Sendai, Japan, 
Sévres (S and 0), 


Stockholm, 


” 
Strassburg, 
Sydney, 


Toronto, 
” 

Toulouse, 

Turin, 


9 


” 
Upsala, 
Vienna, 


” 
Warsaw, 


Washington, 
” 
” 


»” 
Wiirzburg, 
Ziirich, 


Ecole Normale Supérieure. 

Société Frangaise de Physique, 44, Rue de Rennes. 
American Philosophical Society. 

Academy of Natural Sciences, Logan Square. 
University of Pennsylvania. (The Librarian.) 
Prof. Battelli, Editor 22 Nuovo Cimento. 


Carnegie Museum, Pittsburgh, Pennsylvania, U.S.A. 
(The Director.) 


K6nigliche Béhmische Gesellschaft der Wissenschaften. 
Observatoire Impérial. 

Accademia dei Lincei. 

Societa Italiana delle Scienze. 

Ufficio Centr. di Meteorologia e di Geodinamica. 
Académie Impériale des Sciences. 

Observatoire Physique Central de Russie. 

Prof. T. Hayashi, Tohoku Imperial University. 


Bureau International des Poids et Mesures. Pavilion 
de Breteuil. 


K. Svenska Vetenskaps-Akademien. 

The Editor, Acta Mathematica. 

University Library. 

University. 

Royal Society of New South Wales. 

Linnean Society of New South Wales. 

Australasian Association for the Advancement of 
Science, 5, Elizabeth Street, Sydney, Australia. 

Canadian Institute. 

University of Toronto. (The Librarian.) 

Faculté des Sciences de |’ Université. 

Biblioteca Nazionale. 

Reale Accademia. 

Reale Accademia, Classe delle Scienze Fisiche. 

Royal Society of Sciences. 

Akademie der Wissenschaften. 

K. K. Geologische Reichsanstalt. 


The Editors, Prace Matematyczno-Fizyczne. Marszal- 
kowska 117, Warszawa, Poland. 


Smithsonian Institution. 

U.S. Naval Observatory. (The Librarian.) 
U.S. Coast Survey. 

U.S. Geological Survey. (The Librarian.) 
Die Physikalische Medicinische Gesellschaft. 
Naturforschende Gesellschaft. 


All foreign Honorary Members (Transactions on application). 
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Aci Reale, Sicily, 


Proceedings. 


Reale Accademia di Scienze, Lettere ed Arti degli 
Zelanti. (Il Segretario.) 


Adelaide, S. Australia, Royal Society. 


Amsterdam, 


The Editor, Recueil des Travaux Chimiques des Pays- 
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The Determination of the Exponent to which a Number belongs, 
the Practical Solution of certain Congruences, and the Law of 
Quadratic Reciprocity. By H.C. Pockiineton, M.A., St John’s 
College. 


[Received in revised form 17 October 1910.] 


1. In § 2 we describe a tentative process for finding the 
exponent to which a number belongs relative to a given prime, 
and also a modification of the direct process for solving some 
binomial congruences which greatly diminishes the labour when 
the modulus is a large prime. In § 3 we throw one of the known 
methods of solving az=c mod. b into the form of an algorithm, 
and show that it gives directly the least positive solution if a 
and ¢ are numerically less than b (which will usually be the case) ; 
the method may also be used to solve aw—by=c. In § 4 we 
derive from a discussion of the linear indeterminate equation a 
simple proof of the second half of Gauss’s third proof of the law 
of Quadratic Reciprocity. 

2. Ifwe wish to ascertain whether a number # is a primitive root 
of a given prime p the most convenient plan appears to be to raise w 
successively to the powers (p — 1)/p,, (p —1)/pz, ete., where py, po, ete. 
are the different prime divisors of p—1. If one of these powers 
is congruent to unity, modulus p, then « is not a primitive root, 
and if none is congruent to unity we easily see that is a primitive 
root. If we find that #”=1 mod. Dp: where #2 1s some divisor of 
p-—1, we may repeat the process, raising w to the powers m/p,, 
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m/p.s, etc., Where p,, ps, etc. are the different prime divisors of m, 
and it is clear that we shall at last find an index m such that 2*=1 
if k=m but not if k is any quotient of m by a prime occurring 
in it. It is easily seen that m is then the exponent to which & 
belongs. 

To make this method effective we must have a ready means of 
raising « to a high power. The following method* is useful. 
First raise « to the powers 1, 2, 4, 8, ete. by successive squaring 
(with of course division by the modulus to find the least residue). 
Then express m as a sum of powers of 2 (i.e. express it in the 
binary scale) and multiply together the residues found for those 
powers that occur as terms in the value of m. Thus, to find the 
residue of «* we multiply together the residues of 2", 2° and « 
itself. In this way we find without much trouble that the ex- 
ponent of 3 to modulus 8191 is 910. 

This last method can be used to facilitate the solution of the 
binomial congruence directly when this is possible (e.g. 2=a 
mod. p if p=4m-+3 is prime, for a solution is c=a™"). We 
notice that the labour required here is proportional to a power of 
the logarithm of the modulus, not to the modulus itself or its 
square root as in the indirect processes, and hence see that in 
the case of a large modulus the direct process will be much quicker 
than the indirect. 

3. We often have to solve the linear congruence az=c mod. b, 
or the indeterminate equation az—by=c which contains the 
congruence. The method commonly given is to convert b/a into 
a continued fraction, find the numerator and denominator of the 
penultimate convergent (the quickest way is to remove the last 
partial quotient and evaluate the fraction by ordinary arithmetic) 
and deduce a solution of the proposed equation by multiplying 
these by c. This method is perhaps the best if it does not 
matter which solution we find, but if we wish to find the least 
one (as is usually the case in solving a congruence) this method 
involves more work than that given below, which is simply a well- 
known process converted into an algorithm. 

Changing the sign of one of the indeterminates if necessary, 
we write the equation in the form a,2,—a,7,=b,, where a;, d2 are 
positive integers and a, >a,, and b, is an integer. Let 

Ch = Andy + dz, by = Aye — ds, 
where a;, b, are positive integers (or zero) less than dy, (i.e. dz, ds 
are the positive and negative remainders of a, and b, respectively 
and d;, ¢, the corresponding quotients, the divisor being a,). Then 
we have (a,#, — b;)/a. =, — d,v,—e, =x, say, where 2, is integral, 


* It is a modification of one given, I believe in Nature, for the calculation of 
logarithms. 
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so that the equation is transformed into a,2,—a.7,=b;. We 
repeat this transformation until we reach an equation 


Ansitn — Aner = () 
in which 0,,, is divisible by On+15 the quotient being e,,,. Then 
a solution of this equation 1S Tri =O, Wn = Cn41 and we find 
solutions of the previous equations in turn by using the relation 
&,4=d,a,+e,+#,4, until we reach the original equation. 
Now let + >1 and suppose that 0 } a4) < 43. 


Phen yp = (Oy 5.4 + Opp 41)/ Orgy > {Orga + Or Grin — Lh Oras 
P dy + (Op — Or) p41 
<a,, since by. < a,. 
Also #, + b,1,/a,4,>0, so that 0<.2,<a,. 


Hence, since the condition 0 } a4; <dn4, is satisfied by ay4,, 
the condition 0 < x, <a, is satisfied by all the other a’s except a, 
and by #, also if 0<b,<a,. It is satisfied by w, even when Bb, is 
negative if b, is numerically less than a, and «, is not zero, for then 


L, = (db. + A, X2)/d2 £ (b, + 4) / dy > O. 


If a, is prime to a, the different values of «, that satisfy the 
equation form an A.P. of constant difference a,, and the only one 
of these that satisfies the inequality satisfied by the value found 
above is the least positive one. If a is not prime to a, their 
greatest common divisor 6 must divide b,, otherwise the equation 
has no solution. Let a,=a,/6, a= a,/6, B, = b,/6, then we see that 
the numbers found for the d’s and e’s and hence for the a’s are the 
same as for the equation a7, —4,%,= 8, so that the value found 
for x, is the least satisfying this equation, and hence also the least 
satisfying the original equation. 

The arithmetical work may conveniently be arranged as shown 
in the example. Let it be required to solve the equation 


79a, — 8012, = 678, 
or the congruence 79a, = 673 mod. 801. 


a b d ee v 
801 | 262 
Se Nn: 
11 get hl ae 3 
2 Gyr aaron” eg 0 


Place the numbers 801, 79, 673 as shown in the table. Divide 
79 into 801, place the remainder below the 79 and the quotient 
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opposite the 79 in the third column. Divide 79 also into 678, 
place the difference between the remainder and the divisor below 
the dividend, and the quotient increased by unity opposite the 
divisor 79 in the fourth column, and proceed similarly till the 
divisor 2 divides the 6 that is opposite to it in the second 
column. The last column is worked upwards. Begin with zero, 
and above this place 3, the last number in the previous column. 
Multiply the 3 by the 7 that is opposite to it in the third column, 
and add on the two numbers nearest the 3, i.e. 4 and 0, which 
gives 25. Place this above the 3 and proceed. The last number 
found, 262, is the solution of the congruence, or 2, = 262, #,=25 
is the solution of the equation. 


4. The best known proof of the law of Quadratic Reciprocity 

for two odd primes p and gq consists in first proving that 
(p q) = (— 1s 

where X is the number of solutions of py=—z mod. q subject to 
O0<y<q/2, 0<z<q/2, and then proving that X+ p is even 
unless both p and gq are of the form 4m + 3, when it is odd, where 
pw is what X becomes when p and g are interchanged. The 
second half of this proof is far from neat in its original form, and 
the neatness of Eisenstein’s proof may be questioned on the 
ground that it imports geometrical considerations. This part 
can however be proved easily by means of the indeterminate 
equation. 

We have then A equal to the number of solutions of 


Lb deere 
subject to 0< y< q/2, 0<z<gq/2. But this gives 


a= (2+ py)/q 7 

+ igd- 1+ pq—Dj/2q + (pt D/2— (pt D/2q<(p+2)/2, 
so that a < p/2 since @ is integral, and the equation shows that « 
is positive, so that 0<a<p/2. Also conversely if 0<a< p/2 
and 0<z<q/2 we have 


y = (qe — 2)/p < gulp < p/2 
and y > (2qa — q)/2p > gq (2a —1)/2p >0 
for «<1, so that 0<y<q/2. Hence the two sets of con- 
ditions are equivalent. 

Hence \ is the number of solutions of gxz— py =z subject to 
O<a<p/2, 0<z<q/2. But we also have pw equal to the num- 
ber of solutions of py—qa=-—z, Le. of gu—py=z, subject to 
O<a2<p/2, —p/2<z<0. Hence + yp is the number of solu- 
tions of ga—py=z subject to 0<a<p/2, —p/2<z<q/2, for 
there is no solution when z=0, 0<a< p/2. 
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But if we substitute for w, y, z, from 
o+a =(pt+1)/2, yt+y=(qt))/2, 2+2=(q-p)/2, 

the equation transforms into qa’ — py’= 27 subject to the condi- 
tions 4 <2 <(p+1)/2, that is 0 < a’ < p/2 since « is integral, and 
— p/2<2z <q/2. The equation and conditions are the same as 
before. Hence the solutions are arranged in pairs, and their 
number is even, unless one solution is paired with itself, which 
requires =a’, y=y’, z=2. For this to hold we must be able 
to satisfy 22 =(p+1)/2, 2y=(¢+1)/2, 22=(q—>p)/2, so that p 
and g must be of the form 4m+3. If they are, this self-paired 
solution exists, and the number +4 of solutions is odd. But 
(p|q)(q\ p)=(—1)**" and so is +1 if + p is even and —1 if 
X+4 is odd. Hence (p|q)(q|p)=+1 unless p and q are both 
of the form 4m+3, and then it equals —1, which is the law of 
Quadratic Reciprocity. The quadratic character of 2 is easily 
determined by finding directly the number of solutions of 2a = — z 
mod. p subject to 0< a#< p/2, 0< z< p/2. 
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The Divisors of certain Arithmetical Forms, the Primes of 
certain Forms, and the Arrangement of Quadratic and some other 
Residues. By H. C. Pockirnetoy, M.A., St John’s College. 


[Received in revised form 17 October 1910. ] 


1. In § 2 we find a condition that #” + y” may be a prime, 
and deduce that all primes of the form 2”+ 1 are Fermat's primes, 
finding also some primitive roots of these primes. In §§ 3—5 we 
show that on certain conditions the divisors of [z” — y”] are of the 
form mn-+1, and in § 6 we prove the converse. In § 7 we show 
that the number of primes of the form mn +1 is infinite, that the 
number not of this form is infinite if n > 2, and that the number 
not of either of the forms mn +1 is infinite if n =5 or >6, where 
nis any given number. In § 8 we show how to find any number 
of primes that are quadratic residues of each other and discuss 
the irregularity of determinants of quadratic forms. In § 9 we 
show that every number is a quadratic residue of an infinite 
number of primes, and, if not a square, also a non-residue of an 
infinite number, and apply the result to the theory of quadratic 
forms. In § 10 the number of primes within any given limits is 
found in terms of an integral containing known functions only. 
In §§ 11, 12 we give a discussion of the form of the prime divisors 
of ma?+ ny? by elementary methods, and in § 13 extend it to the 
case of aa*+ 2bay+cy*, the divisors not being restricted to be 
prime. In § 14, 15 we discuss the arrangement of quadratic, 
cubic and biquadratic residues and also quadratic non-residues, 
and in § 16 we apply the results to prove the possibility of certain 
congruences and to the representation of a number as the sum of 
four squares (the representation as the sum of three squares is 
also considered). We also here find a formula for the number of 
solutions of any congruence. 


2. In discussing the arithmetical divisibility of the number 
U=a"—y", where n >1, we notice first that the expression can 
be split into algebraical factors. As the coefficients of these 
factors are integers, each algebraical factor is an arithmetical 
divisor also, Since «—y is always a factor and is < #”— y”, we 
see that U is not a prime unless z—y=1. Also if e is a divisor 
of n other than n itself and f=n/e, then U =(a*)’—(y’ and 
a*—y’ is a factor. This cannot be unity or U itself. Hence U 
can only be a prime when a=y+1 and nis prime. In particular 
2”—1] is not a prime if » is composite. If n is prime 2”—1 is 
called a Mersenne’s number. 
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Next consider U=a"+y”. If m has an odd divisor f other 
than unity and e=n/7, then U has a factor 2* + y° which cannot 
be unity or U itself (unless z= y=1, which we exclude in what 
follows). But the only numbers that have no odd divisor other 
than unity are the powers of 2, Hence U can only be a prime 
when n is a power of 2. It is clearly further necessary that « 
and y should have no common divisor and that one should be 
even and the other odd. In particular the odd prime numbers 
of parts into which a circle can be divided by ruler and compasses, 
which are prime numbers of the form 2”+1, are all of the form 


2*"+1, and hence are Fermat’s primes. They are 
a, 0, bf, 257, 65557,..etc: 
Again, if we proceed to find the common factor of 
(2™—1)/(w—1) and (a”—1)/(#—1) 


by algebra, we find that when m is prime to n the last remainder 
is unity. Hence they have no common factor and if « is integral 
have no common divisor. Hence no two of Mersenne’s numbers 
have any common divisor. Similarly #”+1 and «" +1, where m 
and n are powers of 2, give on division a remainder 2, so that no 
two of Fermat’s numbers have a common divisor. In the same 
way we see that no Mersenne’s number can have a common 
divisor with a Fermat’s number. 

In dividing the circle into p=2"+1 parts when p is prime, 
or in solving the equation #?—1=0, we must know a primitive 
root of #?-!=1 mod. p. Now any non-primitive root of this 
congruence belongs to an exponent that is a submultiple of p—1 
and so a power of 2. Hence the exponent divides (p—1)/2 and 
the root must be a quadratic residue. Hence any quadratic non- 
residue must be a primitive root. Now since p is of the form 
4m +1 we have 


@)=(@)=(@F)=Q)=-1 


so that 3 is a primitive root. The other primitive roots are the 
first (p—1)/2 odd powers of 3. The proof does not apply if 
p=3, in which case the only primitive root is 2. In the same way 
we can prove that 5 and 10 are primitive roots except when p=5 
and p=3 or 5 respectively. 

3. We now consider the form of the divisors of the integral 
expression (a — y”)/(a—y), where n is a prime and « prime to y. 
Let p be a prime divisor of this expression, and first let p not 
divide x—y. It is clear that p does not divide # or y, and hence 
from Fermat’s theorem #? = y? mod. p. Also by hypothesis 
a’=y" mod, p. Let r be the lowest index for which «= y’ 
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mod. p. Then r is not unity, for the congruence x= y is not 
satisfied. Now all the indices for which the congruence holds are 
multiples of vr. Hence n is a multiple of 7, and as it is prime we 
have r=n. Also p—1 is a multiple of 7 and hence of n. Let 
it be mn. Then p=mn+l. 

Next let p divide x-y as well as (a"—y")/(x—y). Then 
since 


(a” — y") (a — y) = ny" +2 (n— 1) y" («@—y)/2 + (a — yf U, 


we have ny”— also divisible by p, and hence x is divisible by p 
since y is not. Hence p=n. We see further that 
(a” a ya = y) 

is not divisible by n% Moreover the product of any number of 
numbers of the form mn+1 is of the same form. Collecting 
the results we have the following theorem, viz.: (#” — y”)/(z@—y) 
is divisible only by numbers of the form mn+1 unless (#— y) 
is divisible by n, and then the expression is divisible only by x and 
numbers of the forms n(mn+1) and mn+1. In particular, all 
the divisors of the Mersenne’s number 2”—1 are of the form 
mn-+1, and the number being odd its divisors are odd, so that 
m is even, and so the divisors are of the form 2mn+1, a result 
due to Fermat. 


4, We now take m to be composite. Let [a — y”] denote the 
algebraical prime factor of #"—y", let p be a prime divisor of 
[z” — y”] and first let it not divide any algebraical factor a — y? of 
a” —y". As before we have 2”= y”, a? = y? mod. p, and if r is 
the least index for which z"= y” mod. p, we have r= n, for r must 
be x or some submultiple of 7, and it is not the latter for then we 
should have 2*—y* divisible by p when e=r. Hence we again 
find that p—1 is divisible by n and have the result that p is of 
the form mn+1. 

Next if p divides one of the algebraical factors of 2” — y”, 
say 2° —y*, as well as [2 — y"], it also divides (a — y")/(a*— y’), 
for this expression contains [a”— y"] as a factor. But if f=n/e, 

(a" — y")|(at — yf) = (0 = yf) (@™ + 20" of +...) + fp 
Hence as p does not divide y it divides f and therefore n. Hence 
xz — y" is not prime to n. 

Collecting results and extending to the case of a composite 
divisor as before we have the theorem: Any divisor of [a — y”] 
that is prime to 7 is of the form mn+1; and if z*—y" is prime to 
n, all the divisors of [z”— y”] are of the form mn-+1. 

5. The case of #”+y" when n is a power of 2 and z is prime 
to y is contained in the last result, for 2" + y"=[a"— y"]. How- 
ever, on account of the importance and great simplicity of this 
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case, it may perhaps be discussed separately. If p is an odd 
prime divisor of #”+y" we have #”=—y", a= y™ mod. p, 
and if r is the least index for which a" = — y” mod, p, then the 
other indices for which this congruence holds are odd multiples 
of r, But a power of 2 is an odd multiple of no number but 
itself. Hence r=n. Also the indices p for which # = y? are even 
multiples of r and hence of n, so that p—1 is an even multiple 
of n, and p=2mn+1, a result due to Euler. 

In particular, all the divisors of a Fermat’s number 2° + 1 are 
of the form m2”*1 + 1. 

If 2"=r(n+1)+ pm we find the remainder on dividing 
m2” +4 1 into the Fermat’s number to be a power of 2 multiplied 
by 2¥+(—1)*m4, which must be divisible by m2”*1+1 if the 
Fermat’s number is. 


6. Conversely, every prime p of the form mn-+1 is a divisor 
of some number of the form [a”—1]. For since n is a divisor of 
p-—1, the congruence z”=1 mod. p has x solutions, and at least 
one of these (g” if g is a primitive root of #?'=1 mod. p) is 
such that #=1 mod. p is not true for any index less than n. 
Let a be such a root. Then p divides a”—1 and does not divide 
any algebraical factor a®—1 of this expression, hence it divides 
the prime factor [a” — 1]. 

In particular, all primes of forms 3m+1, 4m+1 divide 
numbers of the forms a?+ab+b? and a?+b6? respectively. 


7. There are some primes of the form mn+1, for the prime 
divisors of [(na)”—1] are all of this form as (na)”—1 is prime 
to n, and every number other than unity has a prime divisor (itself 
if no other). 

Now let any number of such primes be taken and let WV be 
their product. Then any prime divisor of [(nN)"—1] is of the 
form mn+1, for (nV)"—1 is prime to n, and it is not included 
among the primes taken, for they are prime to (nV)"—1 and 
hence to [(n)”—1]. Hence if we know any number of primes 
of the form mn + 1 we can always find another, so that the number 
of such primes is infinite, 

The number of primes not of this form is also infinite if 
n>2. For there obviously are some. Let NV be the product of 
any number of such primes. Then nV —1 is not of the form 
mn +1, hence it has at least one prime divisor that is not of the 
form mn +1, and this is not included among those taken to form 
NV, for none of those divide nN—1. Hence we have added one 
prime at least to those taken, and as before we conclude that the 
number of such primes is infinite. 

Similarly, taking ra prime* less than n—1 and prime to x 

* We take r to be any prime divisor of n-1 unless this is prime, and if it is, 
any odd prime divisor of n~2 or n+2, for these are not both powers of 2 if n>6, 
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and putting V equal to the product of primes not of the forms 
mn+1, excluding 7, we find by considering nV +r that: the 
number of primes not of either of the forms mn + 1 is infinite if 
nis 5 or greater than 6. 

In particular, there are an infinite number of primes of each 
of the forms 3m+1, 3m+2, 4m+1, 4m+3, 6m+1, 6m+5. 

Again, let V be the product of any number of primes of the 
form 8m+3. The V?+2 is divisible only by numbers of the 
form «? + 27? and therefore of the forms 8m+1 and 8m+3. And 
being itself of the form 8m+3 it has at least one prime divisor 
of this form. This is not one of those taken to form WV, and hence 
as before the number of primes of the form 8m +3 is infinite. 

Similarly, by discussmg 8N?—1,- which is divisible only by 
primes of which 2 is a quadratic residue, i.e. primes of the forms 
8m +1, at least one of which is of the form 8m—1, we find that 
the number of primes of the form 8m +7 is infinite. 

Taking the form N?+ 2°, and remembering that J is odd, we 
see that the prime divisors are of the forms 8m+1 and 8m+5, 
and one at least is of the latter form. Hence the number of primes 
of the form 8m + 5‘is infinite. 

Again, 5N?—1 is divisible only by primes of the forms 5m +1, 
and one at least is of the form 5m—1, hence the number of primes 
of this form is infinite. 

Collecting the more interesting results, we have shown the 
existence of an infinite number of primes of each of the forms 
3m +1, 38m+2, (4m+1, 4m+4+3), 5m4+1, 5m t 2, 5m 4+ 4, (6m +1, 
6m+ 5), 8m +1, 8m4+3, 8m+5, 8m +7. 


8. We can find any number of primes that are quadratic 
residues of each other. For take any prime p, and find a prime 
p, of the form 4mp,+1, then find a prime p, of the form 

4m'p,p, +1, ete. 
We have seen that each step is possible in an infinite number of 
ways and it is clear that each prime is a quadratic residue of 
those that precede it, and from the law of quadratic reciprocity it 
follows immediately that each prime is a quadratic residue of all 
the others*, 

Hence the binary quadratic forms of determinant 


D = — py pops... Dn 
contain 2”~ ambiguous classes in the principal genus, and as there 
is no limit to n there is none to the number of bases required to 
express the principal genus by composition or to the index of 
irregularity. The same result can also be got by taking 


D=— ppp... 


> 


* Such primes are most easily found by trial. We find that a set is 3, 13, 
61, 601, 757. 
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where p,, p2... are any primes. For example if 

D=—2?,3?. 5°. 7°. 11?= — 5336100 
there are 16 ambiguous classes in the principal genus. One base 
may be taken to be (169, 33, 31581), the period of which is 12, 
and the others may be seven of the ambiguous classes. The index 
of irregularity is 8. 

The case of D=— 297675 = — 3°. 5?.7? is interesting, for 
—D can be expressed four times in the form m?(8km+3). By 
comparing with the determinant —3 we find the number of 
classes in the principal genus to be 81. We may take as bases the 
forms (4, 1, 74419), (9, 3, 33076), (25, 10, 11911), (49, 21, 6084), 
each of which belongs to the exponent 3, and by compounding we 
find the 81 classes. Hence the index of irregularity is 27. 


9. The number + « is a quadratic residue of all primes of the 
form 4ma+1. Hence every positive or negative number is a 
quadratic residue of an infinite number of primes. We proceed 
to show that unless it is a positive square it is also a non-residue 
of an infinite number of primes. First let the number be nega- 
tive and equal — a, then, using Jacobi’s extension of Legendre’s 
symbol, we have (—#| y) =—1, where y 1s 

4m —1, 8m—1, 4m—1, 4m—1, 8m —3 or 4m —5I, 
according as « is 
4m, 8m +1, 8m4+2, 4m+3, 8m+5 or 8m+6, 

provided that y is positive, and hence —~# is a non-residue of at 
least one prime divisor of y. The cases excluded because y is to 
be positive are those of 1, 2, 3, 5, 6 and 14 taken negatively, and 
these numbers are non-residues of 3, 5, 5, 11, 13 and 11 respec- 
tively. Hence every negative number is a quadratic non-residue 
of some prime, which in general is numerically less than the 
number, and never numerically exceeds the number by more 
than 7. 

Next let the number be positive and equal a, and let w= 4*u, 
where w is not divisible by 4, then the quadratic characters of a 
and w with respect to any odd prime are the same, hence 

(@|y=(uly)=—-1 

when w is 8m +2, 8m+3, 8m+6 or 8m4+7, 
y being taken to be 

4m+3, 8m—5, 4m+11 or 8"%+4+5 
respectively, provided that y is positive, and hence # is a non- 
residue of at least one prime divisor of y. The excepted case is 
that of w=3 and 3 is a non-residue of 5. The prime thus 
found is less than # unless « is 2,3 or 6, and is never greater 
than « + 2. 
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Tf uw is of the form 4m +1 let the different primes dividing w 
be p,, Po, ps, ete. Since uw is not a square, one at least of these, 
say p,, occurs to an odd power in uv. Let b be a non-residue of 
Pp, and let the congruences 


v=b mod. p,, v=1 mod. p,, v=1 mod. p,, ete. 


be solved to find a value of v that is positive and less than 
Pr, Ps, Ps --- and hence< wu. Then (v/u)=—1and (w—v! u)=—-1. 
Hence taking y to be that one of v and u—v that is odd, we have 
(x | y)=(u! y)=(y | u)=—1 and so # isa non-residue of at least 
one prime divisor of y. The prime thus found is always less 
than # Hence every positive and not square number is a quad- 
ratic non-residue of some prime, which in general is less than the 
number, and never exceeds the number by more than 2. 

Hence if # is any number that is not a square we can find a 
prime p, of which it is a non-residue, then a prime p, of which 
xp? is a non-residue, then a prime of which xp,p, is a non- 
residue, and so on without limit. These primes are clearly 
different, and « is a non-residue of each, which proves the theorem 
enunciated above. 

If two determinants D,, D, of binary quadratic forms are such 
that every number prime to D,D, that can be represented by 
some form of either can also be represented by some form of the 
other, then the character of D, with respect to any prime that 
does not divide D,D, is the same as that of D,. Hence D,D, is 
a quadratic residue of every such prime, and so is a square. 
Hence D, and D, are in the ratio of two squares. We see im- 
mediately that this condition is sufficient as well as necessary. 


10. We conclude our discussion of the numbers of primes of 
various forms by finding a formula for the number of primes 
between given limits. Let @(x) and y(#) be any one-valued 
functions of that vanish for all positive integral values of x, and 
are real, finite and not zero for all other positive values of a. 


Let F(«)={$(#))°+ \y = al ©) 
order that F(a) may vanish, each of the squares composing it 
must vanish. The first vanishes when and only when @ is an 
integer and the second when the argument of yf is integral. 
But, z being integral, this happens when and only when = is 
prime (since # >1), as we see from Wilson’s theorem. Hence the 
necessary and sufficient condition for the vanishing of F'(#) is 
that # should be a prime, and the number of primes between 
given limits is equal to the number of roots of F(x) between 
these limits. The simplest form of F'(z) is got by taking 


db (x)= (x) = sin ra, 


and suppose «>1. In 
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but we may also use the reciprocal of the Gamma-function of 
negative argument. The roots are in any case double ones; if 
we secure that they are not of any higher order of multiplicity, 
their number is given by the complex integral 


= face (x)/F (x) 


taken round a contour including the part of the real axis between 
the limits but not including any complex root. The discussion of 
the integral presents much difficulty. If we replace ¢ (x) by 


—b Lee 
vi) (=) we have a formula for the number of primes of the form 


ma + b. 

We can also use Wilson’s theorem to find a series for the 
number of primes. Let » be an integer greater than 4, then 
Uy = tan 7 (n —1)!/n vanishes if 7 is not prime, and is — tan 7/n if 
n is prime, and is less than 1 since n >4. Hence the series 

— Un + U,?/3 —U,2/5 + ete. ad inf. 
is zero if m is not prime and converges to the value w/n if n is 
prime. Hence the sum 
n=b—1 ; 
XY n(— Uy + u,7/3 — u,2/5 +... ad inf.)/7 
n=ar1 
is equal to the number of primes between a and Bb, provided that 
a>3. This formula seems as intractable as the other. 


11. We shall require the following lemma, viz.: 
If m, n, A, B, D are any numbers, and 
kKA=XD+N, kB=pD+ pw’, 
we can find a value of k satisfying 0< k >2/(N/3) such that 
mr? +np?< D?, where N=mn. 

Write @ for the greatest integer in 2,/(V/3) and let all the 
residues (not merely the least positive residues) X’, w’ of kA and 
kB be taken for each value of & within the limits and represented 
by points on a plane having Cartesian coordinates X//m, p’ /n, 
and let circles be drawn of diameter D and with their centres at 
these points. Also let circles of the same diameter be drawn with 
centres at the points whose coordinates are multiples of D/m and 
D,/n respectively. Then for the whole of the plane the number 
of circles per unit area is (1+@)/D*/mn. But the largest 
number of such circles that can be drawn per unit area without 
overlapping 1s 

2/D?/3 = 2/(N/3)/D?/mn < (1 + 0)/D?Vmn. 
Hence some circles must overlap. If one of the first set overlaps 
one of the second set, we take the value of k corresponding to this 
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circle. If two of the first set overlap and the corresponding 
values of k& are k, and k., we take k, ~ k, as our value for k. The 
corresponding residues are numerically equal to dj — A,’ and 
ft,’ — fe’ and satisfy the inequality in question. 

12. If mz is prime to ny, and mn =WN contains no square 
factor, then every prime divisor of ma?+ ny? is either within 
the limits assigned to & or of the form (m’w? + n’v*)/k, where 
mn =mn=N and 0< k + 2,/(N/3) in either case, and also m’u 
is prime to n’v. 

For if not, let p be a prime that does not satisfy the conditions 
of the hypothesis and divides some number of the given form, 
and let ma?+ ny? be the least such number that p divides (sub- 
ject to mn=N). Then x + p/2 for otherwise either 


m(a—p)+ny? or m(p—2)P+ ny? 

is of the given form, divisible by p and less than ma* + ny*, which 
is contrary to the assumption. For the same reason y } p/2. 

Now put Wee =D ng NAP) A Ss ns ioe ee (1), 

kop yy =e (GE A NAP) epee nn in es eee (2), 
where / satisfies the given inequalities for / and 
mr? + np < (ma? + ny?) 

If ’=0 we have kpr=2X(ma?+ ny?) and «# is prime to 

ma + ny, hence it divides X. Let A/x=X", then 
kp =" (ma? + ny’). 

Now p divides maz? + ny? and hence is not greater than it. Hence 
+k <p for by hypothesis p is greater than the upper limit 
assigned to the numbers k. 

Hence X” is prime to p and so divides k&. If the quotient is 
k’ we have p=(ma?+ ny’)/k’, where 0 < k’ }2./(N/3), which is 
contrary to the assumption as to the form of p. Hence 2’ is not 
zero, and similarly we can prove that pw’ is not zero. 

We now consider the number 

(m2 + np?) (ma? + ny?) = (mre + ny? + NV (wy — rx¥, 
which is obviously an integer divisible by p. Substituting for 
and u their values from (1) and (2) this expression becomes 
(eee 
max + NY” ME + NY" / 

where the terms in each bracket are the same as before and so 
integral. Hence 


MNr'ax + np’y\? ‘ge —Nr'y\? u 
are) +y(4 . A = A*+ NB say 
maz + ny” max + ny* 
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is divisible by p. If now 
A = (mx + np'y)/(ma? + ny?) 


is zero we change the sign in each bracket, which is equivalent 
to conducting the multiplication in the other of the two ways. 
Then A’ is not zero, and 


B= (pan + W’y)/(ma? + ny?) = (ma? — ny?)/me (ma? + ny”) 
is not zero, for ma is prime to ny. If Bis zero we proceed in the 
same way. 


Hence, supposing the signs to have been changed if necessary, 
we can say that neither A nor B is zero. 


Now (wa — yl =(A24+ pw?) (2 ¥?) — Aa t py) 
> (A? + pw”) p?/2, since « > p/2, y + p/2, 
> (mr? + np?) p?/2, 
whence BY (mr? +n w)2 (ma? + ny) < p, 


since mX? + nu? < (ma? + ny’). Hence p is not a common divisor 
of A and B, so that if A,, B, are the quotients of A, B by their 
common divisor, 4,2+ VB,’ is divisible by p. Now remove the 
common divisor of A, and NV. Since WN is not divisible by p (for 
m and n are not) the resulting expression, say mA,?+ n'B,, where 
mn’ = N, is divisible by p. Now 


MAZ+n' BZ > A2+ NB? + (mr? + np”®)/(ma? + ny?) < ma? + ny’. 
y y 


Hence we have found an expression of the form ma*+ ny’, where 
mz is prime to ny and mn = WN, which is divisible by p and is less 
than the least such expression, which is absurd. Hence we con- 
clude that the theorem enunciated at the head of this section is 
true. We note that k must satisfy the further condition that 
— mn is a quadratic residue of & in order that / may be capable of 
dividing m’u? + n’'v*. 

This proof of the theorem is long and does not apply to com- 
posite divisors, and is given mainly because it involves nothing 
but elementary considerations and because it may be possible to 
extend it to the analogous case of the divisibility of # or y by p 
when zy is divisible by p, where #, y and p are complex numbers 
composed with the nth roots of unity and p is prime. 


13. Let U=aa?+ 2bay + cy, where « is prime to y, be 
divisible by any number 6, and let the determinant of the form 
be D. Then 0?=D can be solved for modulus U and therefore 
for modulus 6, so that 6 satisfies the necessary and sufficient con- 
dition for being capable of primitive representation in some form 
of determinant D. In fact, if we find » and w such that 


pa —ry = 1, 
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then (adr? + 2brAp + cu?) (az? + 2bxy + cy’) 
= fare + b(Ay + px) + chy)? + ac —b? = 0OF—D 
is divisible by 6, and hence the form 


O? — D 
(3.0, ==) 
has its coefficients integers, and it obviously can represent 6. The 
form is properly primitive if 6 is prime to 2D. 
If the reduced form is (a, 8, y) we have 
8 = {(au + Rv)? — Dv*}/a, 


where a + 2,/(— D/3) if D is negative, and < /D if D is positive. 
We can easily deduce the result of § 12 if 6 is a prime number 
prime to D. In particular, any divisor of 2?+ 7? is of the form 
w+ v?, and any divisor of 2?+ 67? or 327+ 27? is of one of the 
forms u?+ 6v? or 3u2+ 2v?, where in each case the terms are to be 
prime to each other. 


14. We know that if p is a prime of the form 4m +1 then 
p=e+ 8°, where a is odd and £6 even, and also from a theorem 
due to Gauss* that 2a = 2m!/m!m! mod. p, if the sign of a is so 
chosen that a=1 mod. 4. But we havet >z*=0 mod. p, where 
the summation extends to all values of « satisfying 0< «<p, 
unless 7 is divisible by p—1, and then }#”=—1. Hence 


> (a — Avy" =(— A)™. Ym! /m! m!. 


If then X}=a, where a is any quadratic residue of p, so that 
XN” = +1 mod. p, we have + 2a= Que (z2?— a), where Qu means 
the quadratic character of u, that is (w|p), and is taken to be 
zero if wu is divisible by p. Now two terms under the = vanish, 
for there are two solutions of the congruence z*— a =0 mod. p, so 
that the number of terms is even. Hence +a= =Qr(a—a). 
But each side of this congruence is numerically less than p/2, so 
that we can replace the sign of congruence by that of equality and 
get a=+432Qx(a22—a) or a=+ SQz (a? — a), where z in the last 
equation is subject to 0< 2< p/2. If we put a=1 this takes the 
simpler form a= + =Q(#—-—1)a2(#+1). 

If we now put \=5, where b is any quadratic non-residue, we 
have 28’ = SQa (a? — b) = + 2b”a and hence 


4 (B+ a?) =4(14+ 6) a=0 mod. p, 


whence 6'= + 8, and as before we can change this to an equality 
and get B= + 4 XQu (a*—b), where 0 < w< p,or B=+=Qe(a@—Db), 
where 0< z< p/2. 

* H. J. S. Smith, B.A., Rep. 1863 (Newcastle-on-Tyne), p. 772. The other 
theorems of a similar character quoted below are also from this place. 

+ If y is a primitive root the series is =y"7 and on summing this geometrical 
progression we get the result stated. 
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If we now substitute in the equation p= a’ + 8? remembering 
that the formulae for a and @ contain (p —3)/2 and (p—1)/2 
terms respectively, we get 


p=(p —3)/2 + (p—1)/2 + 22Quy (a? — a) (y¥?— a) 


+ 23Qay (22 — b) (y—b), 
which gives the curious result 


S Quy (a? — a) (y? — a) + BQny (a2 — b) (y= b) =1, 


where the summations extend to all values of # and y satisfying 
O0<a< p/2, x<y<p/2. If we could prove this result directly 
we should have a new proof that p=a?+ 8. 

Similarly if p=8m+1=a+ 28? we can use the congruence 
+ 2a=4m!/im!3m! and find that a=+4 Qs (a*+1), where 

O< 2 < p/2. 

15. If we arrange the numbers from 1 to p—1 in order and 

distinguish the quadratic residues, we find that they are arranged 


in groups containing one or more numbers and separated by non- 
residues, e.g. in the case of p = 13 the numbers are 


1, (2), 3, 4, (5), (6), (7), (8), 9, 10, (11), 12, 


where we have two groups of one and two groups of two residues. 
If the number of these groups is NV, the number of residues 
preceded by a non-residue is V —1 for the first group of residues 
is preceded by zero, which is not a non-residue. 

Hence 4(N—1)4+2=3{1—(2?—1)2”~}, where 0< «<p, 
for the number summed vanishes if z?— 1 is a residue, is 2 if #?—1 
is a non-residue, and is 1 in each of the two cases when 2? —1= 0. 
On expanding the right-hand side we get 


N=({pt+24+(-1)??}/4 
=I(p+3)/4, 


where J means “ greatest integer contained in,” since each side is 


less than p. 
If WV is the number of groups of quadratic residues containing 
more than one of them, and p= 4m +1, 


SN —4Q2 = & {1 —(a@?—1)"} {14+ (a?@ +1)", 


or SN —4(-1)"=14+(- 1)" 2a, 
which gives N={p+1+2(-1)"(24+4)}/8, 


where a is defined as before, for the right-hand side is integral and 
each side is less than p. 
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If p=4m +3 we have 
sN —2 (1 ve Q2) = {1 = (a? = i ara {1 25 (a? =e 1 giao © 
which gives N={p—1—2(—1)"}/8=I (p+1)/8. 

It is obvious that the number of groups of quadratic non- 
residues is equal to the number of groups of residues if p=4m+3 
and is one less if p=4m-+1. 

To find the number V of groups containing more than one 
non-residue we find the number of quadratic non-residues preceded 
by a non-residue and followed by a residue by evaluating 

S {1—(@— 1?) {1— ab 7} 1 4 (wR P™}, 
and making allowance for the cases where 
«—1, x or +1 are=0, 
and then deduce the value of WV, remembering to add 1 if —1 and 
— 2 are non-residues. The result is that if p=4m+1 then 
N={p+1-2(-1)™4}/8, 
and if p=4m+53 then 
N=I(p+1)//s. 

We can get the number of isolated non-residues by sub- 
tracting the number of groups found here from that found above. 

If p=3m+1 and 4p =a?+ 382, where a=1, B=0 mod. 3, 
then «= —2m!/m!m!mod. p. If now N is the number of groups 
of cubic residues (including groups of one), 

9(N—-1)+6=% {2 -—(@ +1)"— (a8 +1)" 
=2-a, 
whence V = (2p + 5—a)/9, for the right-hand side is integral and 
each side is less than p. 

In the same way, but with more difficulty in the details, we 
can find the number of groups of bi-quadratic residues of a prime 
p=4n+1=4 + £*, where a=1 mod. 4, the result being 

N = (3p +7 + 6a)/16 
if m is even, and NV =(3p+3 — 2a)/16 if m is odd. 

16. If the number of groups of cubic residues is to be equal 
to the number of such residues we must have 

2p +5 —a)/9 =(p—1)/3, 


but a< 4p whence p<16, so that the only possible cases are 7 
and 13, in which this does happen. Hence with these exceptions 
there is always some residue that is followed by a residue, and 
therefore the congruence z*+1=z* can be solved with numbers 


Forms, the Primes of certain Forms, etc. 19 


prime to the modulus for any prime modulus of the form 3m +1 
(and hence for any modulus composed of such primes). Also 
from the number of groups we can find the number of residues 
followed by a residue, and hence the number of solutions of 
#+1=2, The number of solutions of a2+y°=2 is clearly 
p-—l times as great. The same* is true of the congruence 
a+ y'= z', the excepted primes being 5, 13, 17, 41, and also of 
“+= 2", the excepted primes being 2, 3,5. We can also solve 
the congruence 2+ y?+1=0 for any prime modulus except 2 or 
5, for if p is of the form 4m-+1 we take a? to be congruent to any 
quadratic residue that is followed by a residue, and if p is of the 
form 4m-+3 we take a to be congruent to any residue that is 
followed by a non-residue, e.g. the last residue of the group that 
begins with unity. 

Taking the last result we see that every prime of the form 
4m-+35 divides the sum of three squares that have no common 
divisor except unity. 

Now by the process of § 12 we can prove + that any odd prime 
divisor of the sum of four (or three) squares that have no common 
divisor except unity is itself the sum of four squares at most. 
Hence every prime of the form 4m+3 1s the sum of four squares, 
and we know that every other prime is the sum of two squares, 
hence, using Euler’s formula of composition, we see that every 
number is the sum of four squares at most. 

The problem of the representation of a number WV as the sum 
of three squares does not belong to our subject, but for the sake 
of completeness we sketch out a proof. If WN is of the form 
4m+1 or 4m+2, there are properly primitive forms of deter- 
minant — WV that have the quadratic characters of — 1, and if NV is 
of the form 8m-+3 there are improperly primitive forms of this 
determinant having the characters of —2, for in each case the 
genus in question satisfies the condition of existence, and there- 
fore exists. - Let such a form, transformed if necessary so that the 
first coefficient is prime to J, be (0, 7, c), let bg?=—1 mod. N be 
solved for g and let a=(bg?+1)/N. Then 


N=(4, b, Cay. Y; 0) ef" S9 — bg), 


* We can always solve x” 4-y"=z" mod. p, where n is odd and p a prime of the 
form 3mn+1, a solution being «=1, y=g™, z= —g", where g is a primitive root 
of p, and also in some other cases, e.g. if n=5, p=131 a solution is x=1, y=23, 
z=16. We can also solve the congruence to modulus n? if n is a prime of the form 
3m-+1, the solution being as above, and also in some other cases, e.g. n=59, «=1, 
y=3, z=4, or n=83, x=1, y=8, z=9, but there is none for the other primes of 
the form 3m-+2 smaller than 100. 

+ We put k=1 throughout and prove that the new sum of four squares is less 
than the old sum unless this is even, and then is not greater than it and odd, and 
therefore less than it. 


2—2 
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where WV = be — /?, is a representation* of V in a definite ternary 
quadratic form of determimant 1. On reducing it in the ordinary 
way we have a representation of V as a sum of three squares 
at most. 

If n is a prime and N the number of distinct solutions of the 
congruence ¢(x)=0 mod. n, we clearly have 


N= z(1- (6 @)j"7] 
subject to 0<a<n, but this method of finding the number of 


solutions in general gives formulae that are too complicated to be 
of any use. 


* This is a particular case of the identity 
(a, b, c, f, a, h) (Avw+ Hy +Gz, He+ By+F2z, Gx+ Fy + Cz) 
—A(A; B,C) E1G, A) (a4); 2): 
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The Mobility of the Positive Ion in Gases at Low Pressures. 
By George W. Topp, M.Sc., 1851 Exhibition Scholar, Emmanuel 
College, Cambridge. (Communicated by Professor Sir J. J. Thomson.) 


[ Read 31 October 1910. | 


The experiments of Rutherford*, Langevin+, Wellisch} and 
others on the mobility of gaseous ions show that for ordinary 
pressures the product of the pressure and mobility is constant. 
Below 20 cms. of mercury Langevin found in the case of the 
negative ions in air that this product increased rapidly with 
diminution of pressure, while with the positive ions there was 
only a tendency to increase. Langevin made observations down 
to 75cems. Recently Kovarik§ has determined the mobilities of 
the negative ions in air and other gases down to pressures of 1 em., 
and finds that the product of the pressure and mobility continues 
to increase very rapidly. 

The experiments described in the present paper show that the 
velocity of the positive ion under unit electric force is inversely 
proportional to the pressure down to a few millimetres of mercury 
pressure. 

A modification of Rutherford’s alternating field method was 
used. The arrangement of the apparatus is shown in Fig. 1. 


Fig. 1. 


P is a carefully insulated metal plate connected to a tilted electro- 
scope. 5cms. below P is a gauze G which can be connected to a 
source of alternating potential of which the maximum may be 


* Camb. Phil. Soc. Proc., 1x., 410. + Annales de Chimie, vu1., 28, 1903. 
+ Phil. Trans. Roy. Soc., A, 209, 249. § Phys. Rev., xxx., 4, 420. 
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altered as desired by means of the potentiometer arrangement 
at R. This is a copper sulphate resistance with its ends connected 
to the terminals of a 100 volt alternating circuit one of which 
is earthed. By moving a copper disc up and down in the solution 
varying alternating potentials were tapped off for the gauze G. 
The plate B being connected through the insulated battery C to 
the gauze G@ is always maintained at a constant higher potential 
than G, and therefore when the gas between them is ionised a stream 
of ions of one sign travels up to the gauze. The ionisation was 
produced by shining X-rays through an aluminium window in 
the side of the metal pot containing the plates. 


Let u = velocity of ion per volt per cm., 

and d = distance between G and P. 
Then velocity of ion at the instant G is at potential ¥ is u#/d. 
If H=£, sin 27 r where £, is the maximum potential and 7 


is the period of alternation, the velocity at any instant is 
2 


-_ 


L . 


wi, sin 
d 
The electroscope will begin to show a deflection when the ions 


travel a distance d in time 7/2. The condition for this is 
T 


aan sin 
_ uh Tt 
ord” 
_ we 
=ET 

The voltmeter gives the “effective” value e of the potential. 
Hence if the instantaneous value £ is £, sin pt, then E,="2.e. 
No correction was made for induction between the plates the 
correction amounting to less than1°/,. The distance between the 


electroscope plate and the gauze was d= 5‘0 cms., and the number 
of alternations per second was 90, so that the mobility is given by 


u= 5010/e. 


In making a determination of the mobility the pressure was 
brought down to required dimensions by means of a mercury 
pump and read on a McLeod gauge. The electroscope was then 
insulated and the alternating potential switched on. If this 
potential was more than sufficient to make the ions getting 
through the gauze travel the distance d in 7/2, the leaf would 


.dt 


or U 


> 
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slowly creep across the scale of the electroscope. With the 
maximum alternating potential less than a certain critical value 
there would be no charge communicated to the electroscope. 

At the pressures used the ionisation was small, and as only a 
fraction of the ions formed get through the gauze the motion of 
the leaf was slow. An example of electroscope readings is given 
below and the curve obtained from them showing the critical point 
at P (Fig. 2). The first line in the table gives the effective voltage 
of the alternating field, the second gives the times taken by the 
electroscope leaf to travel across the same part of the scale, and 
the reciprocals of these which are proportional to the current to 
the leaf are contained in the third row. 


Air: pressure = 6:10 mm. 


Volts | 60 | 53 | 46 | 39 | 34°| 22 | 42 | 66 
| | 

: | uh no 

Time 26:0: |' 33°6 | 47-9 | 85:0 | 22-0 : ay (EN 8 | ae") 
| | motion | 

Current] 385 | 297 | 208 | 118 | 45 | — | 175 455 


.. Mobility = 173 ems. /sec. 


Current 
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Experiments were made with four gases: air, carbon dioxide, 
hydrogen, and ethyl bromide vapour. The ionisation with hydrogen 
was so weak that readings could not be obtained below 4mm. of 
mercury. The tables below give the results of the experiments. 


Air Carbon dioxide 
Pressure | Mobility | Product | | Pressure | Mobility | Product 
j | / | / 
} mm. | mm, 
12-60 | 84 | 106 8-70 83: 4 aS 
1060 | 100 106 8-40 8) 0) See 
10°55 | 99 100 7°25 105 |} We 
8:25 128 | 106 6°85 108 | 74 
7°75 134 104 5°40 132 | 72 
7°65 130 99 4°62 164 | 76 
6°85 153 105 374 212 79 
665 = 167 106 [ees 75 
6-10 | 173 106 | | 
| 5-10 | 199 | 102 
| 500 | 200 | 100 
| 4:85 206 | 100 
4-45 241 | 107 
| 340 |; 350 | 109 
Hydrogen Ethyl bromide 
| Pressure | Mobility | Produet Pressure | Mobility | Product 
mm. | mm. 
25°10 95 248 5°12 82-2 42-2 
20°90 124 | 259 4:40 | 96:1 42°3 
18-15 132 239 | 370 | 113 41-9 
15°40 152 234 | ae: Peer, 425 
11-25 | 213 | 241 | | 162 | 266 |. 43-1 
9°85 252 248 1:34 | 307 41-1 
6-11 | 404 247 95 | 462 43°8 
4°35 504 230 


Observations of the mobility of the negative ions in air were 
made and the values obtained were of the same order as those 
obtained by Kovarik, showing an enormous increase in the mobility 
at low pressures. 

Experiments show that the negative ion consists either of an 
aggregation of molecules about the charge, the aggregation be- 
coming less complex at low pressures, or it consists of a single 


= 
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molecule (or a constant number of them) with a corpuscle attached, 
the latter being able at low pressures to migrate from one mole- 
cule to another. 

If the positive ion is an aggregation of molecules round a 
positive charge that aggregation persists down to the pressures used 
in these experiments. If there is a positive unit of electricity it 
is at ordinary temperatures and at pressures above two or three 
millimetres of mercury inseparable from the molecules forming the 
ion, otherwise an increase in mobility would have been the result. 
It may be that at high temperatures the positive unit does exist 
for a time in the free state for the mobility of positive ions in 
Hames is much greater than that required by the temperature law. 

The author is continuing the experiments with the ions given 
off when aluminium phosphate is heated, with the object of 
measuring mobilities at much lower pressures. 

My thanks are due to Sir J. J. Thomson for his interest and 
encouragement during the experiments. 
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The Mobility of the Positive Flame Ion. By 8S. G. Lussy, M.A. 
(Sydney), Emmanuel College, Cambridge, Barker Graduate Scholar 
of the University of Sydney. (Communicated by Professor Sir J. J. 
Thomson.) 


[ Read 31 October 1910. ] 


I. Introduction. The determination of the mobilities of the 
ions produced when salt vapours are introduced in flames has 
occupied the attention of many experimenters ever since Arrhenius* 
first set this type of work on an exact basis. Most observers, 
however, have confined their attention to the negative ion, 
probably owing to the rapid growth of our knowledge of the 
negative electron. It has now been demonstrated beyond all 
doubt by Gold+ and H. A. Wilson} that in high temperature 
flames the negative ion is a pure electron. Within the last few 
years, however, the attention of physicists has been transferred to 
the positive ion, chiefly on account of the problems suggested by 
Kanalstrahlen, and the conception of a positive electron—not 
necessarily of similar mass, but ef similar charge to that of the 
negative electron—has steadily gained ground. ‘The present 
experiments have been carried out with the object of determining 
the velocity of the positive flame ion under unit conditions, and it 
has been deduced from the results obtained that the positive 
ion at a temperature of 1500° absolute has a mass very closely 
equal to that of the hydrogen atom, i.e. a mass identical with that 
of the “secondary ” particles in the Kanalstrahlen. 

The first determination of the velocities of flame ions was 
made by H. A. Wilson§. His results may be briefly summarised 
thus :—at 2000° absolute, for salts of alkaline and alkali earth 
metals, the positive velocity is 62, the negative velocity 1030 
centimetres a second—both under a gradient of one volt per 
centimetre; in hot air at 1000° abs. alkaline salts gave 7-2, 
alkali earth salts 3°8 for the positive ions, both groups of metals 
giving 26 for the negative ions. It is now known that these 
results are inaccurate owing to errors introduced in the calculation 
of the potential gradient between the electrodes. In the negative 
measurements, a uniform gradient was assumed, whilst in the 
positive measurements, the gradient was plotted, but only for 
a pure flame, whereas the salt bead introduced in the experiments 
very appreciably influences the distribution. Nor can one infer 


* Arrhenius, Wied. Ann., 1891. 

+ Gold, Proc. Roy. Soc., 79, A, 1907. 

+ Wilson, Proc. Roy. Soc., 82, A, 1909. 
§ Wilson, Phil. Trans., A, 1899. 


Mr Lusby, The Mobility of the Positive Flame Ton. 27 


that these results are relatively true, for the shape of the potential 
curve depends on which electrode is uppermost. The correct 
value for the mobility of the negative ion has been since de- 
termined by Gold [loc. cit.| and Wilson [loc. cit.], and both agree 
that it corresponds to that of an electron. Marx*, from considera- 
tion of the fall of potential in the flame, has also deduced the 
ionic mobilities. His method, however, was very indirect and 
is based on a doubtful assumption, viz, that the ionisation is 
uniform throughout the flame, and negligible at the upper 
electrode. His results for the positive ion varied from 120 to 
340, with a doubtful mean of 250. The only other measurements 
which concern us are those of Moreaut+, who deduced 80 cm. a 
second for the velocity at 2000° abs. Moreau’s results are also 
vitiated by the assumption of a uniform potential gradient in the 
flame. 


Il. Eaperimental Details. The method adopted in the 
present series of measurements was that employed by Wilson 
in 1899. In this method two electrodes are placed horizontally 
above one another in the flame, and the current between them is 
measured for diftterent potential differences, the upper plate being 
charged positively. A small bead of salt is then introduced into 
the flame just below the upper electrode, and the current measure- 
ments are repeated. When the potential difference is great 
enough to drive back the positive ions against the uprush of 
the gas, the current suddenly increases. The exact potential 
difference required is got by comparing the two current curves. 
Knowing this critical voltage, the upward velocity of the gas, and 
the minimum potential gradient in the flame, one can easily 
deduce the mobility. The experimental arrangements were a 
modification of those used by Wilson. The electrodes were brass 
discs 14 cm. in diameter with circular pieces 5 cm. in diameter 
cut out of their centres. In the case of the lower electrode, 
platinum wires were strung across tle centre of the disc to form 
a mesh about 3 mm. wide; to the upper disc was clamped a piece 
of platinum gauze. Each electrode was supported by three glass 
rods inserted in a base board ; those for the upper one were set at 
a permanent height, whilst the others could slide through holes 
cut in the board and thus be fixed at any desired height. Large 
holes were drilled in the lower disc through which these latter 
rods might pass without contact. The base board was suitably 
supported on insulating legs. The burner employed was a plain 
brass tube of internal diameter 0°68 cm., passing through a larger 
tube in which it was fixed at the lower end by a cork and at the 


* Marx, Ann. der Phys., 11., 1900, p. 790. 
+ Moreau, dnn. de Chim, et Phys., 1903. 
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upper end by three centring screws. The outer tube passed 
through the centre of the base board and could be set at any 
required height. The air and gas supplied to the burner were 
previously mixed in a small jar and their pressures measured by 
means of water gauges just as they entered the mixing jar. The 
air was supplied from two large gasometers which gave a very 
constant stream whose volume was accurately known. The gas 
was drawn from the laboratory mains and passed through two 
large carboys in succession and then through a micrometer tap 
before entering the mixing vessel. This arrangement was found 
to successfully damp out any fluctuations in pressure, and by 
slightly turning the micrometer head, any permanent variation 
could be counteracted, though this was not often necessary. The 
constancy of the flame was fixed by two conditions—the height of 
the inner blue cone, and the air pressure. A kathetometer which 
could be trained on to either the flame or the water gauge ensured 
constancy in these two factors. Under these circumstances, the 
blue cone as seen with the naked eye was very steady and exhibited 
only very slight fluctuations when viewed through the katheto- 
meter telescope. The dimensions of the flame used were :— 
inner cone 1°5 cm., outer cone 70cm. The electrodes were placed 
3.cm. apart, and were connected through a battery of small cells 
to a galvanometer whose sensitiveness was 10~* amperes per scale 
division. In order to prevent conduction of ions down the side of 
the flame, a piece of gauze with a circular hole in the centre was 
placed just above the lower electrode and joined direct to the 
negative pole of the battery, but not through the galvanometer. 
The salt bead used was about 2 mm. in diameter, and the platinum 
wire holding it was fused into a glass rod which could be swung 
in and out of the flame so as always to occupy the same position. 


III. Account of Observations. A search was made to see if 
the critical voltage depended at all on the salt used, and also 
to find out whether the alkaline earth salts gave a characteristic 
velocity at this particular temperature—1500° abs. First of all 
a careful test of the constancy of the ions from various salts of a 
given metal was made. Potassium was chosen because its salts 
are cheap and easily procurable, whilst its conductivity is high. 
The following salts were tried :— 

KeCO, KOH & KG War RE Simple Salts. 
K-Mn.0,: KNaCO,; K.he(CN),...... Complex Salts. 

In no case were the variations of critical voltage outside the 

limits of error; it was hoped that the complex salts might exhibit 


some singularity, but none resulted. It is interesting to note that 
the permanganate is an ideal salt for measurement; its con- 
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ductivity is fairly high, its volatility very small, so that a bead 
lasts an indefinite time, whilst the inevitable change that must 
occur in its chemical composition, does not seem to affect its ions, 
The nitrate was also tried, but as it exhibited a tendency to 
splutter on the electrodes, and was extremely volatile, it was 
abandoned. An examination of the various salts of the other 
conducting metals was then made, the following being tried :— 


Na,CO,; NaOH ; NaCl 
LiBr ; (Li,SO,) 

RbCl ; Rb,CO, 

CsCl ; Cs,CO,° 
Bao, + BaCl, 

Sr€O;;°) SrCl, Divalent Metals. 
CaCl; (CaCo;) 


It was found that all these salts gave identical results. It 
was difficult to get reliable results for lithium, The bromide 
alone could be depended on; the sulphate was also tried, but 
nothing reliable can be deduced from it. Calcium also presented 
difficulties. The chloride was the only salt whose conductivity 
was high enough, and it had to be well dried immediately before 
the experiment. None of the other salts call for special mention. 
The difficulties were mainly those of volatility; if this be too low, 
the current is feeble, whilst if it be too high, the vapours tend to 
condense on the upper electrode and permanently increase the 
current. Ammonium salts were tried as members of the potassium 
group, but proved altogether too volatile to work with. The 
mean value of the critical potential difference deduced from 35 of 
the best curves was 62 volts. A typical curve is shown in Fig. 1, 
where ordinates represent current and abscissae the potential 
difference between the electrodes. 


Monovalent Metals. 


IV. Determination of the Potential Gradient. In order to 
determine the fall of potential, a fine plattmum wire fused into a 
glass rod was introduced into the flame. The rod was supported 
on the travelling frame of a vertical micrometer thread. The 
potential taken up by the wire was measured by a quadrant 
electrometer whose needle with one pair of quadrants was joined 
to an electrode, whilst the other pair was connected to the search 
wire. The search wire was moved in steps of 2 mm., and, where 
the gradient was small, of 1 mm. After taking readings with the 
upper electrode joined to the electrometer, the lower one was in 
turn joined up and the readings repeated. This counteracted the 
error due to small readings near the electrode. The potential 
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difference applied was that found in § III. above, viz. 62 volts. In 
order to determine the error introduced by plotting the current 
in the pure flame, a set of readings was first taken under these 
conditions. A bead of potassium carbonate was then introduced 
and the readings repeated. Specimen curves are shown in Fig. 2. 
By comparing the two results it was found that in the former 
case the minimum gradient is over nine times as large as in 
the latter. The mean results obtained were:—for the pure 
flame 6°51 volts per cm., for the salted flame 0°71 volts per cm. 
In general, the incandescent search wire takes up a potential even 
when the electrodes are joined together. This etfect, it was found, 
was quite negligible in comparison with 60 volts. 


V. Velocity of the Gas. The determination of the upward 
velocity of the flame gases was made from a comparison of the 
pressures of the air and the gas, and the volume of air used. For 
this purpose a water gauge was used to measure the pressure of 
the gas immediately before entering the burner. The gas was 
first turned on, and the pressure read through the kathetometer 
telescope; the air was then turned on, and the pressure again 
read, The exact volume of air used was determined from the 
rate of fall of the reservoir. The mean results obtained were as 
follows :— 

LES 

gas pressure 
volume of air per second = 683 ce., 
therefore volume of gas per second = 7:27 c.c. 


Total volume of mixed gases = 75°57 c.c. per second. 

As the diameter of the burner was 0°68 cem., the velocity of the 
mixed gas works out at 206 cm. per second. This calculation 
neglects the outward expansion of the gas, but the order of 
accuracy obtained is quite as high as in the other portions of the 
experiment. 


VI. Final Result. The mobility is determined from the 
simple relation V=kX. We have found that 


V = 206 cm. per second; X =0°71 volts per cm. 
Hence the mobility (4) = 290 cm. per second. 


VII. Temperature. The temperature of the flame was 
measured by means of a thermocouple whose members were 
Platinum and a 10 per cent. Rhodium—Platinum alloy. The 
couple was standardised by the melting of beads of potassium 
carbonate and potassium sulphate. Its indications were found to 
agree fairly closely with those of a similar couple investigated in 
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detail by Sosman*. The temperature fell off somewhat in the 
upper part of the flame; the value adopted as corresponding to 
the mobility given, was the mean temperature for that part of the 
flame in which the minimum potential gradient was observed, viz. 
1450° absolute. An attempt was made to use the couple as a 
potential explorer, but it was given up as its members tended to 
distort themselves when heated. 


VIII. Theoretical Considerations. Knowing the mobility of 
the ion, one can calculate its mass from the relation / =ne/mv, 
where the various quantities have their usual meanings. This 
formula assumes that the ion comes to rest at impact, but other- 
wise seems to be quite legitimate and should give accurate results 
provided we correctly interpret X and v. The free path of a 
particle of mass m, moving in a gas whose molecular mass is m, 


is given by 
a= Ns eS is = ; a os 
2 Ms 


where o, = diameter of the ion, 
o,= diameter of the molecule, 
n, =no. of molecules per c.c. 


Putting m,/m,= and o,/o,= y, this becomes 


1+y\? pres 
a =i! 
eae ae 


where A, is the free path of a molecule of the gas. The velocity 
of the ion is given by 


MU, = Mls 


whence we get finally as the mobility of the ion 


ee: Ave 22 ef 2 
=e "NM a#2(1+2)" 

In this equation, everything but # and y is known, and if we 
knew the exact relation between # and y we could calculate the 
mass of the ion from its mobility. Unfortunately the connection 
between the mass and the diameter of a molecule is very complex. 
To assume that the mass varies as the diameter cubed or squared, 
as is frequently done, must lead to very inaccurate results. For 
example, the radius of a hydrogen molecule is 1:01 x 10~* em., that 
of an oxygen molecule 1°41 x 10~° cm., and in this case, the mass 
varies as the ninth power of the radius. In view of this difficulty, 


* Sosman, Amer. Journ. Sci., July, 1910, 
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the solution will be made in the inverse direction, i.e. we shall 
calculate the mobility of an ion of given mass. A rough calcu- 
lation leads one to suppose the ion is of about the same mass as a 
hydrogen atom; we shall therefore calculate the mobility of an 
ion of such a mass at the temperature of the experiment, Le. 
1450° abs. The following quantities enter into the calculation :— 


Ne = Ol x 10a erm, } 
at 1450°, 
v, = 104 x 10° em./sec. J 
aye ae 104 
i 2:29 
eae ae 
a 90 
1 = 50 
Y= 41’ 


whence & = 276 cm, a second under a gradient of 1 volt per cm. 
Applying the same formula to an electron, for which 


1 


”= 39 x 1700’ 


y=10~ and is negligible, 


we find & = 22,000 cm. per second. Now the present experiments 
gave the positive flame ion a mobility of 290, which is very close 
to that calculated for a hydrogen atom, Also the experiments of 
Gold (loc. cit.) gave 18,000 as the mobility of the negative flame ion 
which is known to be an electron. The agreement in this case is 
fair, considering the uncertainty of the quantities involved. The 
above calculation seems to suggest very strongly that the positive 
flame ion either is, or else has the same mass as, a hydrogen atom. 
It will be observed that if the formula proposed above be true, 
then the mobility should vary as the square root of the absolute 
temperature. Experiments are now in progress to test this law, 
and also to find out at what temperature the “cluster-ion” of 
ordinary temperatures becomes reduced to a single body as small 
as a hydrogen atom; or, in other words, to determine at what 
temperature differentiation in ionic mobility ceases. In view of a 
continuation of the present work in order to test the theory pro- 
posed, it would be futile to discuss at this stage of the work the 
questions raised by the identity of the positive flame ion with 
the hydrogen atom, and its relations with Kanal particles and 
“ thermions.” 
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IX. Summary. (i) The velocity of the positive ions pro- 
duced by introducing a salt bead into a Bunsen flame has been 
measured by H. A. Wilson’s method. 

(ii) For metals of the alkali and alkaline-earth groups, the 
velocity is 290 cm. a second in practical units, at a temperature of 
1450° abs. 

(iii) This velocity is independent of the particular salt of the 
metal used, whether simple or complex. 

(iv) From a theoretical formula proposed, it has been deduced 
that at the temperature of the experiments, the positive ion has 
a mass very nearly equal to that of a hydrogen atom. 

In conclusion, I desire to thank Professor Sir J. J. Thomson 
for helpful suggestions made during the course of these experi- 
ments. 
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Note on the Fundamental Theorem of Integration. By 
W. H. Youna, Sce.D., F.R.S., sometime Fellow of Peterhouse. 


[ Received in revised form 24 November 1910. Read 28 November 1910. } 


§ 1. In a paper published in the Quarterly Journal* it is 
shown that all of Lebesgue's celebrated theorems may be proved 
without the use of Cantor’s numbers, or Cantor induction, provided 
only we assume that one of them which asserts that one may 
proceed by integration from a derivate to its primitive function, 
whenever that derivate, or one of the derivates, is finite, except at 
most at a reducible set of points. Further, in a joint paper by 
my wife and myself on the existence of a differential coefficient, 
it is shown that the particular case of this theorem in which the 
derivate in question, and therefore every one of the derivates, is 
bounded may also be proved without Cantor’s numbers. From 
the mode of reasoning adopted in the former of these two papers, 
which employs, in fact, only the special case, and not the more 
general theorem, it follows that all Lebesgue’s results, with the 
exception of the following, may now be asserted to be true in- 
dependently of Cantor’s numbers, or Cantor induction : 

(i) The necessary and sufficient condition in order that the 
indefinite integral of a derivate which is not bounded, and which 
is infinite at most at a reducible set of points, should be the 
primitive function of the derivate is that the derivate should be 
summable ; 

(ii) The necessary and sufficient condition that the indefinite 
integral of a derivate which is not bounded, and which is infinite 
at most at a reducible set of points, should be the primitive 
function of the derivate is that the primitive function should be 
of bounded variation. 

The second of these theorems follows from the first by means 
of the theorem that the derivates of a function of bounded 
variation are necessarily summable, a theorem which is one of 
those proved without the use of Cantor’s numbers. It remains, 
therefore, only to prove the first of the two theorems without 
using Cantor’s numbers, or Cantor induction. 

I have not yet succeeded in obtaining such a proof. On the 
other hand, I have been able to prove, without these means, a 
theorem which like (1) includes (ii) as a particular case, namely : 

The necessary and sufficient condition that the indefinite integral 


* W. H. Young, “On Functions of Bounded Variation” (1910), Quart. J., 
pp. 54—85. 
+ Presented to the London Mathematical Society. 
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of a derivate which is not bounded, and which is infinite at most 
at a countable set of points, should be the primitive function of 
the derivate is that the primitive function should be of bounded 
variation. 

I propose in the present note to communicate my proof of this 
result to the Society. 


§ 2. That the condition in the theorem to be proved is 
necessary is, of course, obvious, as a Lebesgue integral is always 
a function of bounded variation. We have therefore only to prove 
that the condition is sufficient. 

Let then 


be a function of bounded variation. Then, by one of the theorems 
above referred to*, the derivates of f(x) are necessarily summable. 
Moreover they agree, except for a set of values of x of content 
zero. Further, by the property of a function of bounded variation, 
the curve (1), using the word curve in the usual generalised sense, 
has, by a known theorem#, an are. The abscissa w# is necessarily, 
since y is a one-valued function of #, a monotone function of the 


: : 7 dz. 
are s, say a monotone increasing function. Hence —— exists, 


ds 

except for a set of values of s of content zero. Further, y is a 
one-valued function of s, and its derivates with respect to s, like 
those of «, necessarily lie numerically between 0 and 1. Hence, 
by the particular case of Lebesgue’s theorem (1), which has been 
proved without the use of Cantor’s numbers, 2 exists, except for 
a set of values of s of content zero, and has y for its integral with 

df. . +i 
Ae wil 
respect to s, the integral being, of course, taken in each case over 
the set of pots at which the integrand exists. Hence 


J iz(s)}=y(s) 


is, when regarded as a function of s, an integral. 


respect to s. For the same reason @ is the integral of 


: : : : ; da: d 
Now «# is a monotone increasing function of s, and ae and He 
s fs 

are never zero together, since the sum of their squares is unity. 
Take a value of s not belonging to the exceptional set of 
zero content. As we make s approach the value in question, 


« will alter continuously, and will move up to the corresponding 


* «On Functions of Bounded Variation,” § 23, p. 81. 
+ See Theory of Sets of Points, Camb. Univ. Press, 1906, pp. 266 sq. 
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value of z; there is, in fact, a one-one-correspondence between 
zands. Consider then the equation 


y(stk)—y(s)_f@th)-f@ «(s+k)—2#(s) 
k ‘ h f k ; 
where we have written 
a(s+ky=a+h. 

We remark that the left-hand side, and the second factor of 
the right-hand side, necessarily have as k approaches zero unique 
limits, which are not both zero. If neither is zero, the first factor 
on the right-hand side will have an unique finite limit. If the 
second factor on the right has zero as unique limit, the first factor 
on the right has infinity as unique limit, with determinate sign. 
Thus we have shown that f(x) has, except for a set of values of « 
corresponding to a set of values of s of zero content, a differential 
coefficient f’ (x), which is either finite or infinite with determinate 
sign*, 

Now suppose for definiteness it is the lower right-hand derivate 
of f(«) which is known to be finite except for a countable set of 
values of 2. Then, since there is one-one-correspondence between 
the variables # and s, it follows that this derivate is finite except 
for values of « corresponding to a countable set of values of s. 

Hence the upper right-hand derivate of f(a) cannot be in- 
finite except for values of x corresponding to a set of values of s 
of zero content. Thus /’ {a(s)} exists and is finite, except for 
a set of values of s of zero content. 

Hence, except at a set of values of s of content zero, we have 


the equality 
y' (8)=f" {x (s)} a” (8), 
each of the expressions y'(s), f’ {x(s)} and w’(s) being finite. 
Integrating, then, we have 


Sy (s)ds=ff" {x(s)} #(s) ds. 

Now y(s) is an integral, and accordingly the integral of its 
differential coefficient, the integral being taken over the set of 
points at which that differential coefficient exists and is finite. 
Hence, to a constant pres, 


y (8) = f(a) =f" {0(s)} a" (8) ds. 
But, by the theory of integration by substitution +, since f’ («) 


* That it possesses a differential coefficient except for a set of values of x of 
zero content was known a priori, since it is a function of bounded variation. 

+ For a proof of the theorem here used see H. Lebesgue, ‘Sur les intégrales 
singuliéres’’ (1910), Ann. de Toulouse, p. 44. 

Reference may also be made to a paper by the author in the Proceedings of the 
London Mathematical Society (1910), entitled ‘‘On a New Method in the Theory of 
Integration.” 

A special case of the general theorem is given by Hobson, Proc. L. M. S., 
Series 2, Vol. vit1., p. 17 (1909). 
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is summable, since # is an integral and a monotone increasing 
function of s and since /’ {x(s)} is finite except for a set of values 
of s of content zero, we have 


ff’ (2) da = ff" (x(s)} a’ (s) ds. 


Hence, finally, to a constant prés, 


f(a) =f" («) de. 


Thus the theorem has been proved. 


§ 3. If with Bernstein* we admit the existence of sets which, 
without being countable, none the less have no perfect component, 
the statement in § 2 is not the most general which can be made. 
The correspondence between z and s is not only a one-one-corre- 
spondence, but a continuous one-one-correspondence, therefore a 
set of the type in question of values of s or x corresponds to a set 
of the same type of values of # or s. Moreover the content of 
such sets is necessarily zero. Now the fact that the countability 
of the set is invariant for one-one-transformation, and that a 
countable set has zero content, are the only properties of the 
countable set of exceptional points in the above theorem that 
have been used in the proof; consequently we may say that the 
necessary and sufficient condition that the indefinite integral of a 
derivate which is not bounded, and which is infinite at most at a 
set of points having no perfect component, should be the primitive 
function of the derivate, is that the primitive function should be 
of bounded variation. 

Bearing in mind, however, that examples have been con- 
structed + of functions of bounded variation which are not the 
integrals of their derivates, and which possess at a perfect set 
of points no finite derivate, we see that our theorem may be 
further transformed as follows: 

The necessary and sufficient condition that it should be possible to 
assert from a knowledge of the distribution of the infinities of its 
derivates alone that a function of bounded variation should be an 
integral (and therefore the integral of its derivates) is that one at 
least of its derivates should be finite at some point of every perfect 
set. 


* F. Bernstein, “Zur Theorie der trigonometrischen Reihen” (1908), Leipz. 
Ber. pp. 325—33s. 
+ H. Hahn, Monatschr. fiir Mathematik (1905), Vol. xvr. p. 161. 
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Nuclear relations of Paramecium caudatum during the aseaual 
period. (Preliminary Communication.) By K. R. Lewin, B.A., 
Trinity College. (Communicated by Mr A. E. Shipley.) 


[Read 14 November 1910.] 


It is possible to divide a living Paramecium so that each 
merozoite, or fragment, receives a portion of the meganucleus. 
Owing to its small size, the solitary micronucleus of this form 
escapes section, and passes entire to one merozoite. ; 

Except when an individual already preparing for fission was 
operated on, it was found that only one merozoite (at the most) 
recovered the normal body form and proceeded to divide. 

The presence of the micronucleus is not the factor which 
decides whether a merozvite can divide, for in a few cases the 
surviving fragment gave rise to a culture of Paramecia without 
micronuclei. 

The fact that the greater number of survivors in these experi- 
ments proved to contain a micronucleus is accounted for by the 
larger fragment (which most frequently survived) being more 
likely to contain the micronucleus of the original form; there is 
no proof that the presence of this organella contributes in any 
way to the viability of the merozoite. 

The “Amicronucleate” Paramecia were capable of propagating 
by normal fission over considerable periods; one merozoite obtained 
by section on June Ist, 1910, gave rise to a culture which per- 
sisted until July 24th. 

The animals appeared quite normal and, except for the absence 
of a micronucleus, divided in the usual way. 

Their multiplication was not very vigorous, but then cultures 
arising from a “typical” Paramecium often shew an equal lack of 
reproductive vigour. However, as subsidiary cultures started at 
23°C. (the main culture being kept at room temperature—about 
17°) rapidly died out, it is very possible that the absence of the 
micronucleus may render the animal more delicate in constitution. 

The production of a race of Paramecia without visible micro- 
nuclei cannot be explained by supposing that the micronucleus 
has fused with the meganucleus under the influence of the 
operation, for im one experiment, a stained preparation of one 
merozoite shewed it to possess the micronucleus, whilst the other 
fragment gave rise to a race provided with meganucleus only. 
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When an individual in division was cut, both merozoites were 
capable of further division. One case of section during the earliest 
stages of division led to an interesting result. 

The animal shewed no outward sign of division, but must have 
possessed already two micronuclei. 

One of the merozoites regenerated the typical shape, and gave 
rise to a culture of normal Paramecia. 

The other made an abortive attempt to divide, and produced 
the monstrous form shewn in text-fig. 1 C’. 


Text-figure 1, Diagram of origin of three types of Paramecium caudatum. 
A. Normal non-dividing Paramecium. 
B. Early division stage. a...a’ plane of section. 
C. Animal from culture arising from one merozoite. Nuclear relations 
normal. 
C’. Monster formed by incomplete division of the other merozoite. 
The division was completed by a cut in plane a...a’. 
D. Type with two micronuclei. 
D’. Type without micronucleus. 


M=meganucleus, m = micronucleus. 
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The meganucleus was seen in life to be divided. This fission 
was completed artificially, and the products isolated. Both divided, 
producing respectively an “amicronucleate” race and one with 
two micronuclei per individual. (See text-fig. 1.) 

It was noticed that the “amicronucleate” culture shewed a 
lower division-rate than the others. No conclusion can be drawn 
from this as to the effect of the micronucleus upon reproduction, 
as the parent individual (D’ in text-figure) contained a normal- 
sized nucleus in a comparatively small body, and may well have 
been thrown at the outset into a condition of depression by this 
disproportion. On the other hand it is quite possible that the 
micronucleus does exert an influence on the rate of division. 

These experiments shew, as regards Paramecium caudatum at 
least, that the statement of ‘Le Dantec* concer ning the regenera- 
tion of the micronucleus from the meganucleus after merotomy, 
is incorrect. 

They also demonstrate that the interaction of cytoplasm and 
meganucleus is sufficient to maintain the discontinuous growth of 
the cell during a considerable period. 

Since under normal circumstances no two sister-merozoites 
were found to divide, there is a suggestion that possibly there 
exists in the cell a localised division-centre, which passes on 
section to one merozoite, leaving the other incapable of division. 

At present this remains as a possibility, but when further 
evidence is obtained I hope to deal more fully with the matter in 
a subsequent paper. 


* Le Dantec, ‘‘La Régénération du micronucleus chez quelques Infusoires 
ciliés,” C. R. Acad. Sci. Paris, cxxv. 
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The feeding value of mangels. By T. B. Woop, M.A., Gonville 


and Caius College, Drapers Professor of Agriculture. 


[Read 14 November 191 0.] 


This paper is a sequel to a communication on the chemical 
composition of mangels read to the Society in 1905. In this 
communication it was shown that the hundred or more varieties 
of mangels commonly grown by farmers can be reduced to five 
types as follows: 


Average | Yield of Yield of , 
E : Pare contentof ~ _ | drymatter | 
Name of type Description dry matter ee per acre 
SFL r | 
| 
White fleshed | globe shape, white = 10:7 29°99. |, 2 
globe | flesh 
| Intermediate | oval shape, cream 12:0 27:4 Be 
coloured flesh | 
| Golden Tankard | short cylindrical shape _13°1 246 | 32 
yellow flesh 
| Golden Globe globe shape, yellow = 13°4 25:0 | ° Sa 4 
flesh | 
Long Red long cylindrical shape, 13:1 29°9. | aw 
pink flesh 


These figures show that the Long Red type grows much more 
food per acre than any other type. 

The investigation described below was undertaken by Pro- 
fessor Middleton with the object of ascertaining if the feeding 
value of the various types of mangels was in practice pro- 
portional to their content of dry matter. This is by no means 
a simple matter for the ratio of the dry matter in the extreme case 
of white fleshed globe and long red is only 10°7 : 13:1, 1e. 100: 121. 
But mangels cannot form more than about half the dry matter of 
the diet of animals, so the actual difference to be measured 
amounts to only about 10 per cent. 

Mr A. B. Bruce, M.A., of Peterhouse, has kindly worked through 
the published data of many feeding trials dealing with about 400 
animals, and finds that the probable error of one animal amounts 
to 14 per cent. of the average increase in weight during the 
feeding period. 
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From this it follows that it is necessary to make comparative 
tests with at least 25 animals getting each ration in order to be 
able to get a really significant result. It was impossible to deal 
with numbers of this size on the University Farm, but the necessary 
precision was obtained by repeating the trials, not only at Imping- 
ton but at the home farms of Messrs E. R. Pratt of Ryston Hall, 
Norfolk, and H. Shepherd Cross of Hamels Park, Herts, to whom 
the writer is greatly indebted. 

As the result of a series of seven trials in which two lots of 
animals were fed side by side on rations containing equal amounts 
of cotton or linseed cake and chaff, but ditfering in that one lot 
received white fleshed globe mangels and the other an equal 
quantity of Long Reds, it was found that the increases of live 
weight were in the proportion of 100:116 + 4 in favour of Long 
Red. During the series of experiments 90 animals were used, 
45 for each ration. By this means the probable error was brought 
inside the difference which was under measurement. 

It will be noticed that the difference found is four times the 
probable error of the experiment, and it is therefore fair to conclude 
that there is a real difference in feeding value in favour of Long 
Red, most probably at least 10 per cent. 

Two more trials were made, in which the varieties of mangels 
compared were Golden Tankard and Long Red. These varieties 
contain equal percentages of dry matter and should give identical 
results in feeding. On the two occasions when they were com- 
pared, the differences in live weight observed were well inside the 
probable error. 

The result of the two sets of trials is to make it practically 
certain that the percentage of dry matter in mangels may be 
taken as an index of their feeding value. 
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Note on the spermatogenesis of Abraxas grossularvata (currant 
moth). By L. Doncaster, M.A., King’s College. 


[Read 28 November 1910] 


I have already shown* that in this moth the grossulariata 
character is a Mendelian dominant, and further is not borne by 
eggs which contain the female determiner. It seemed therefore 
that a study of the cytology in this species might throw light 
on the possible relation between a chromosome and a Mendelian 
character. The spermatogenesis has therefore been investigated 
in both the parent forms (grossulariata and lacticolor) and in the 
heterozygote. . 

The spermatogonial mitoses are very small, and I have not 
been able to make any accurate counts of chromosomes, but 
the number is between 50 and 60. In different follicles two 
kinds of primary spermatocytes are found, one of which, though 
usually less frequent, may be regarded as normal, the other 
abnormal. The normal type will be described first. After the 
growth-phase, the first spermatocyte division consists of a spindle 
with very regular equatorial plate, containing 28 chromosomes 
of nearly similar size. These become dumb-bell shaped, divide, 
and pass in a regular anaphase to the poles. ‘The second 
division is similar except in its smaller size; 28 chromosomes 
appear and all divide regularly. The spermatids so formed 
seem to develop into normal spermatozoa. No difference is 
found between testes of pure grossulariata, lacticolor, and hete- 
rozygotes. The second type of spermatocytes is relatively more 
abundant in older testes; the cells and nuclei are smaller, and 
in division the equatorial plates are strikingly different from 
those of the first type in their irregularity, which makes accurate 
counting impossible. The chromosome number is approximately 28. 
The anaphases are even more irregular, the chromosomes often 
being scattered all over the spindle, but eventually all reach the 
poles and form the nuclei of the secondary spermatocytes. These 
divide by a similarly irregular mitosis, and form spermatids smaller 
than those of the first type. As these become converted into 
spermatozoa the nucleus travels along the tail, and seems finally 


* Reports to Evolution Committee, Royal Society, tv., p. 53. 
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to degenerate, as was described by Meves* in the “apyrene” 
spermatozoa of the moth Pygaera, but I have not observed the 
final stages of degeneration. 

From the fact that the same process occurs in both varieties, 
and that usually the expected sexual and Mendelian ratios are 
found in breeding experiments, it is to be concluded that two 
types of spermatozoa are not correlated with different heritable 
characters, and probably those of the second type are not functional 
in fertilisation. 

Oogonial mitoses do not differ recognisably from those of the 
spermatogonia. 


* Arch. Mikr, Anat., ux1. (1903), p. 62. 
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The Ionisation of Heavy Gases by X-rays. By R. T. Bearry, 
M.A., B.E., Emmanuel College. (Communicated by Professor Sir 
J. J. Thomson.) 


[Read 31 October 19 10.] 


When certain heavy gases, such as Ni(CO),, AsH;, SeH,, are 
ionised by X-rays, the ionisation produced (considered relatively 
to that produced in air at the same pressure) remains constant for 
any particular gas till the X-rays attain to a certain penetrating 
power. When this stage is reached the relative ionisation 
increases to several times its original value and remains in the 
neighbourhood of this abnormal value while the penetrating 
power of the X-rays continues to increase. What is the cause 
of this sudden increase? Some light may be thrown on the 
effect by observing that the substance ionised shows an ab- 
normally great absorption of the X-rays just at the poimt where 
abnormal values of the ionisation are observed, and in fact now 
begins to emit a characteristic X-radiation and an increased 
quantity of @-rays. 

Probably then the increased ionisation may be due to these 
causes. 

An attempt was accordingly made to detect the emission of 
B-rays from the gas SeH, when ionised by X-rays penetrating 
enough to evoke the characteristic X-radiation of Se. The gas 
was admitted to a shallow ionisation chamber at different 
pressures, and a curve plotted connecting ionisation with pressure. 
If some of the ionisation were due to @-rays from the gas the 
curve should at low pressures be convex to the axis of pressure. 
This effect was strongly marked in all cases where the X-rays 
were sufficiently penetrating. 

If now the chamber be lined with a film of Se, the curve 
should become a straight line through the origin, since the film 
may be considered from the point of view of a @-ray generated 
in it as forming an infinitely thick envelope of Se in a gaseous 
state round the ionisation chamber, so that any @-rays which are 
generated in the gas in the chamber and strike the walls before 
using up all their energy in ionisation, are balanced exactly by 
B-rays coming from the film. This linear curve was found to 
represent the experimental results. 

Curves were also drawn connecting ionisation with pressure 
when air was used in the chamber lined with Se. These curves 
give sufficient data to calculate how much ionisation is pro- 


duced by 
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1°. Direct formation of 6-rays by the X-rays. 
2°, Formation of 8-rays by the X-rays. 


As sources of radiation a number of elements, whose atomic 
weights lie between that of Fe and that of I, were used. These 
elements can be made to emit characteristic X-radiations. 

When the radiations from Fe, Ni, Cu, Zn, Se were used the 
relative ionisation of SeH, was found to be equal to 30+°5. 

When Sr, Mo, Ag, Sn, I, were used the relative ionisation 
increased greatly, attaining a value of 286 with the radiation 
from [. A large part of the ionisation was found to be due to 
the -rays, emitted by the gas, which also shewed a large 
increase. 

Further investigations are in progress to determine the parts 
played by the 8-radiation and the characteristic X-radiation from 
the gas in determining the total ionisation observed. 

Results similar to those mentioned were also obtained with 


Ni(CO), and AsH,. 
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A constant temperature, porous plug experiment. 
By W. A. Doucias RupcE, M.A., St John’s College. 


[Received 18 July 1910.] 


The author has published an account of a porous plug experi- 
ment in the Philosophical Magazine, for July 1909. In this 
experiment a liquid gas was allowed to evaporate and expand 
slowly through a fine orifice and tube which acted as the plug, 
while the total thermal change produced during the expansion 
was observed, Dealing with a liquid gas it is obvious that the 
total thermal effect will be due to two causes, viz. :— 


(1) The heat absorbed during evaporation of the gas. 


(2) The thermal effect due to the passage of the gas 
through the plug. 


As the only gas used so far in the experiment has been 
carbonic acid, (2) will be accompanied by an absorption of heat, 
so that the whole effect of the two factors will be to cause a 
reduction of temperature. 

In the experiments referred to above, the temperature was in 
some cases allowed to fall, in others it was kept constant. Some 
experiments were conducted at temperatures below the critical 
pot of CO, and others above it. The general method followed 
was that of allowing the gas to expand from a vessel immersed in 
a suitable calorimeter, and determining the thermal effect pro- 
duced from the known heat capacity of the calorimeter and the 
change of temperature. In these experiments the contents of the 
calorimeter were heated by means of a current flowing through 
a manganin wire, curves being plotted of the rise in temperature : 


(a) When the gas was not allowed to escape. 
(b) During the escape of the gas. 


From these the thermal effects during the escape of gas could 
be found. In one set of experiments the temperature was kept 
constant by regulating the strength of the current or the rate 
of flow of the gas, 

The results of the experiments being rather variable, the 
method was modified, so that they might be conducted at a 
constant temperature, viz., that of melting ice. 

The only gas available so far has been carbonic acid, con- 
tained in the small sparklets used for aerating water, but the 
method to be described can easily be carried out with any gas 
which is liquid at ordinary temperature. 
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The principle of the experiment is as follows: 

If a vessel containing a liquid gas is opened slightly, the liquid 
will boil, and if the orifice is not large, the gas will boil away 
steadily, and the pressure of the escaping gas will be fairly 
constant. Heat of course will be absorbed in the process and 
the gas will become cool. Surround the vessel, however, with a 
mixture of ice and water, and the temperature will remain con- 
stant, and any heat absorbed by the expanding gas will be taken 
from the water, which being already at 0°C. will become partly 
frozen. If the amount of water frozen is determined, the amount 
of heat absorbed from it in order to keep the gas at a constant 
temperature can then be found. 


The Apparatus (see figs. 1, 2). The essential parts are a small 
gas-tight chamber, (, in which the bulb containing the gas can 
be perforated, and the gas allowed to escape slowly through the 
small orifice, and then through a coil of fine-bore tubing, 7. This 


Fig. 1. 
VOL. XVI. PT. I. 4 
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chamber and the spiral tube are arranged in a larger vessel, V, 
containing ice and water, and the alteration of the volume of the 
last is observed during the course of the experiment. The outer 
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vessel acted as a Bunsen’s ice calorimeter. The chamber C was 
made of brass and turned as thin as possible. The spiral tube 
was also of brass, 1mm. internal diameter, the total of length 
tubing being nearly two metres. The screw S was of hard steel, 
packed air-tight by a stuffing-box at K. By unscrewing the 
bottom M the outer chamber could be nearly filled with a mixture 
of finely-ground ice and water. After filling, the apparatus was 
turned to the vertical position, and paraffin, previously cooled to 0°, 
poured in through G until it flowed freely out of the capillary 
tube VN. The stop-cock was then closed. The whole was now 
placed in a large tin can, surrounded with pounded ice and water, 
and allowed to stand until the temperature had become stationary, 
and the paraffin just filled the capillary tube, more paraffin being 
poured in through G as required. On screwing down S, the cap 
of the bulb was pierced, but the conical end of the screw prevented 
the gas from escaping until it was turned slightly in the opposite 
direction. The end # of the spiral tube was attached to an india- 
rubber tube dipping under water, so that the rate of escape of the 
gas could be observed and controlled. This was easily done so 
that the escape of the gas occupied about 12 minutes. The heat 
absorbed by the gas, being taken from the plug and the mixture 
surrounding it, caused a certain amount of the water to freeze, and 
the increase in volume produced thereby caused paraffin to be ex- 
pelled through JN, into a weighed dish placed below it. From the 
density, and the volume of the paraffin expelled, the volume of 
the ice formed was determined, and by assuming the value of the 
density of ice as compared with water as ‘907 and the latent heat 
as 80, the amount of heat involved was calculated in the usual way. 
In carrying out the experiments, the ice was first crushed and 
ground in a coffee mill. Several bulbs were weighed, marked 
with a number, and then placed in melting ice, in order to bring 
the contents to 0°. One of the bulbs was, after cooling, placed in 
the chamber; ice, water and paraffin were added as detailed to the 


‘calorimeter, and the whole immersed in the ice and water in the 


outer vessel. After the temperature had become steady, the 
apparatus was allowed to rest for from 10 to 30 minutes before 
puncturing the bulb; and, after the escape of gas was over, a 
further ten minutes were given, so that all the ice possible should 
be formed. If the escape of gas was too rapid, some solid CO, 
would be formed, and this took some time to evaporate. The 
paraffin expelled was collected in a weighed porcelain dish, the 
usual amount being 0:26 grams. The time involved in each 
experiment was about 45 minutes. 

The plug proved quite efficient; for, on opening the calori- 
meter and inspecting the spiral, it was seen that ice was formed 
only round the chamber and along a part of the inner spiral, so 


1—2 
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that the gas escaping from the end of the tube might be con- 
sidered as being at 0°. 

The heat evolved during the formation of the ice is taken to 
be equal to that absorbed by the evaporation of the liquid gas, 
together with that due to the absorption going on in the plug. 

Taking 888 units as the amount of heat necessary to change 
the volume of a mixture of ice and water at 0° by 1 cc., and I for 
the change in volume due to the ice formed, then 


I x 888 = heat evolved. 


Let W = weight of gas escaping from the bulb, and L its latent 

heat at 0°, then 
(I x 888) — WL =amount of heat absorbed by the plug. 

At 0° the vapour pressure of liquid CO, is 34:25 atmospheres, 
and assuming that the gas boils steadily away and also that the 
specific heat is constant under the conditions of this experiment, 
then 

(I x 888) - WZ=Wx8Sx (0-2), 
where ¢ is the temperature to which the gas would have fallen, if 
it had been allowed to cool. The change in temperature per 
atmosphere difference will therefore be 
putt x 888) — WL 
le WeSx Pie 
where P is the pressure in atmospheres. 

In one particular experiment the following result was 

obtained :— 


Weight of gas used. - ; . 4573 grammes. 
Specific Heat of Gas . : 2 . 02044 - = 
Latent heat at O°C. . 4 . 56°25 calories fF. 
Change in volume due to ice formed. 0°320 cc. 

Vapour pressure at O°C. . : . 34:25 atmospheres. 


Whence the fall in temperature per atmosphere difference in 
pressure 1s ; 
ps (0°320 x 888) — (4573 x 56:25) 
v 4°573 x 0°2040 x 34:25 

The results of the experiments are tabulated below. It will 

be seen that they are as uniform as might be expected in an 
experiment of this character when the amount of gas used is 
small. In the table the weights of bulb full and empty are 
given in columns (1) and (2), the weight of gas in (8), the amount 
of paraffin expelled in (4), the volume of the paraffin in (5), the 
heat absorbed by vaporisation of the liquid gas in (6), the total 


= 0°84 nearly. 


* Deduced from Swann, Roy. Soc. Proc., A, 553. 
+ Chappuis. 
~ Vellard, Ann. Chem. Phys. [7], x. 387. 
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17°680 | 13°355 | 245 | *301 | 253-5 | 267-28 | 0-425 


4°325 

17-491 | 12°918 | 4°573 | -256 | :320 | 287°8 | 274-16 | 0-768 
17°625 | 13°055 | 4°570 | -264 330 | 257-1 | 293 1:046 
| 16°855 | 12-899 | 3°956 | -23 | -287 | 221-4 | 254-8 | 0-980 
| 17-530 | 12°935 | 4°595 | -2615 | -301 258°4 | 267°3 -288* 
17-625 | 13:025 | 4°600 | -264 | :330 | 258-7 | 292-5 1:01 
17-730 | 13°14 | 4°590 | :260 | -325 | 258-2 | 288-6 | 0-874 
17-588 | 13-075 | 4-513 | -261 | -325 | 253-7 | 288-6 1:017 
17-298 | 12°86 4°438 | -252 315 249°6 | 279-7 0-866 


17-772 | 13-23 | 4°542 | -265 *331 =| 255°5 | 293-9 1-118 
17-600 | 13-019 | 4°581 | :254 317 «=| 257-8 | 281°5 | 0-671 
17-632 | 13-098 | 4°5384 | -256 *320 «| 255°1 | 277-6 | 0-653 
17-654 | 13:069 | 4°585 | -261 326 | 2584 | 289-4 | 0-904 
17°700 | 13:257 | 4°543 | 238 ‘297 | 255°6 | 263-7 | 0:23 * 
17°132 | 12°883 | 4°249 | -250 *312 | 249-1 | 277-1 | 0-819 
16-985 | 12°771 | 4°214 | -245 308 =| 237°0 | 272-9 1:046 
17-485 | 12°904 | 4°581 | -260 325 | 257-1 | 288-6 | 0-918 
17-532 | 12-965 | 4°567 | -257 321 256°7 | 285-0 | 0°825 
17°534 | 13°012 | 4°522 | 246 *3075 | 254°2 | 269-3 | 0:437 
17°620 | 137133 264-2 *340* 
17°309 | 13-008 | 4°301 | -257 *321 | 242°5 | 285-0 | 1-240 
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16-975 | 12-925 | 4°050 | -240 “300 227°8 | 266-4 1/128 
17°670 | 13-068 4°602 | -261 | :325 258°9 | 288-6 866 
17-427 | 12-940 | 4°487 | -270 337 | 252°4 | 299-2 1364 
17-431 | 12-910 | 4°521 | -267 334 | 254°3 | 296-6 1-233 
17-611 | 13-099 | 4°612 | 259 324 | 259°4 | 287-7 825 
17-309 | 12-738 | 4°571 | -276 342 257°1 | 303-7 1-329 
17-487 | 12-998 | 4°489 | -243 304 | 252°5 | 266-7 “414 
17-543 | 13-046 | 4°497 | :260 325 253°1 | 288-6 1-035 
17°379 | 12°947 | 4°4392 | -261 325 | 249°3 | 288-6 1:145 
17-400 | 12°859 | 4°541 | -257 321 255°5 | 285-0 “860 
17-612 | 13°046 | 4°566 | -280 350 =| 256°8 | 303-8 1370 
17-550 | 12-937 | 4°513 | :243 304 | 253°9 | 269-9 476 
17-563 | 12-983 | 4°500 | -267 334 | 257-6 | 296-6 1°137 
17-409 | 12°896 | 4°503 | -262 327 =| 253°3 | 290-3 1-078 
17-801 | 13-189 | 4°612 | -260 325 259°4 | 279-4 873 
17-489 | 13:013 | 4°476 | -254 317 (| 251°8 | 281-5 866 
17-602 | 13:089 | 4°513 | -270 337 253°9 | 301-3 1°380 
17-579 | 13:072 | 4°507 | -248 “31 253°5 | 275:3 “635 
17521 | 13:040 | 4°481 | -262 327 252-1 | 290-2 Usa ital 
17°623 | 13-023 | 4°600 | -274 342 258°7 | 303-7 1-312 
17-600 | 12-986 | 4°614 | -270 *337 =| 259-5 | 299-2 1160 
17-597 | 12-997 | 4°600 | -256 32 258°7 | 287-4 836 
17-489 | 12-992 | 4°497 | -256 32 252-9 | 287-4 1-006 
17-602 | 13°089 | 4°513 | -261 325 | 253-9 | 288-6 1-01 
17-584 | 12°882 | 4°702 | -259 324 | 264-6 | 287-7 673 


17-625 | 13-105 | 4°520 | -260 325 254°5 | 288°6 1:000 
16-843 | 12-910 | 3°933 | -232 29 221:2 | 257-5 1 06 
17-601 | 13-116 | 4°485 | -260 325 | 252-3 | 288 6 1:06 
17-584 | 13-087 | 4°497 | -258 322 252°3 | 286 “982 
17:406 | 12-902 | 4°500 | -260 325 253°1 | 288-6 1-035 
17-587 | 13:151 | 4°327 | -251 314 | 243-4 | 278-8 1-032 
16°204 | 13-01 3°194 | -176 “22 179-7 | 195-4 451 
17-600 | 13-087 | 4°513 | -262 327 253-9 | 290-3 1:061 
17-589 | 13:019 | 4°270 | -260 325 «=| 257-0 | 288-6 921 
17-623 | 13:013 | 4°610 | -266 332 259°3 | 294-7 1-032 


17-724 | 13°013 | 4°711 — 342 264-6 | 303-7 1:140 
17-540 | 13-080 | 4:490 | — 327 252-8 | 290:3 1:105 
17-230 | 12:900 | 4:330 | — 308 243°5 | 2735 “874 
e923" | 134005 46523 | = 354 | 253-8 | 314-4 | 1:737+ 
| 17-464 | 12820 | 4:°544 | — 5b) 255-9 | 293-0 1-081 
17°330 | 13:03 4°300 | — 305 241-8 | 264-6 664 
17-730 | 13:203 | 4:427 —- 321 249:0 | 285-0 1:05 
17-650 | 12°865 | 4-785 | — “34 268°5 | 300°5 933 
17°24 12°968 4°272 | — 323 =| 240°3 | 286°8 1-326 


* Some leakage occurred in these cases. + Stop-cock not properly closed. 
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thermal effect in (7), and the thermal effects per atmosphere differ- 
ence in pressure in (8). 

The figures given in the last column of the table are very far 
from being constant, so that it did not seem to be of very much 
importance to calculate the loss of temperature which would 
accompany the escape of the gas through the plug in each case, 
and therefore the average value for all the experiments has been 
determined. The average amount of gas contained in the bulbs 
is 4478 grams, and the average heat absorbed by the plug is 
‘923 units per atmosphere difference of pressure. Now supposing 
the specific heat of the gas to remain constant during cooling, the 
amount of heat absorbed by the plug would be 


JM SUSIE 


where M is the mass of gas, S the specific heat, and ¢ the fall 
in temperature. 

Taking the value for S as 0:2044 at 0°, then 
oe POR 0:923 
~MxS 4478 x 2044 
is the average cooling effected per atmosphere difference of pressure. 

The last nine experiments were conducted without paraffin, 
for, as there was always a large excess of water, and the freezing 
never proceeded far from the inner spiral, it seemed that the water 
itself might be used to indicate the amount of expansion. The 
results from these experiments were somewhat higher than the 
general average, the cooling effect being 1:1900. 

A weak point is the assumption that the pressure of the gas 
remains constant during the course of the experiment. This of 
course is not the case, though probably it is true during the evapo- 
ration of the greater part of the gas. The method of maintaining 
a constant pressure by the evaporation of a liquid gas, seems to 
be one which may prove useful in porous plug experiments, and it 
would be quite easy with a properly constructed apparatus to 
allow a portion only of the liquid gas to evaporate and by this 
means constant difference of pressure could be maintained. 

By weighing the gas bottle before and after the experiments 
one could find the actual weight of the gas used. It should not 
be difficult to arrange for suitable pressure gauges to be attached 
to the opposite sides of the plug, so that the actual difference in 
pressure could be measured. A moderately strong steel bottle 
might be filled with any of the more easily liquefiable gases and 
the value of the thermal change determined for a number of 
substances, 

The main feature of these experiments is the method adopted. 
By means of it, the thermal effect at constant temperature, due to 
the passage of a gas through a plug, can be determined. 


t = 1008.1: 
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Observations on the Surface Tension of Liquid Sulphur. By 
W. A. Douctas Ruper, M.A., St John’s College. 


[Received 18 July, 1910.} 


(Plate I.) 


If sulphur is heated carefully in a test tube it melts at about 
115° C. to a pale mobile liquid which does not stick to the glass, 
but when the liquid is heated to about 160° it becomes viscous 
and then adheres to the side of the tube. On heating the sulphur 
on a glass plate it melts and the liquid drop will run over the 
surface of the glass without sticking anywhere if the temperature 
is about 120°—130° no mark being made upon the glass, that is, 
the liquid does not “wet” the glass. 

It appeared to be of some interest to investigate the condition 
of liquid sulphur and in particular to make determinations of the 
surface tension, as at first sight it might appear that the liquid 
should behave as mercury does, and not rise in a capillary tube, 
but since the angle of contact is finite and positive this is not the 
case. 

A series of experiments was first made in order to find the 
angle of contact of the liquid with the glass. oe first method 
consisted in heating crystals of sulphur upon a 3” x 1” glass slip 
and observing the size and shape of the drop ‘by a horizontal 
microscope, which could be rotated about its axis and also could 
be moved in two directions at right angles to each other. 

Just as happens in the case of mercury a maximum thickness 
of the drop is attained, the thickness being about 1455 mm., but 
this varied a little with different samples of sulphur. 

The sulphur used in the investigation was purchased in the 
form of rhombic crystals, which from the slight odour had evidently 
been prepared from a solution of sulphur in carbon bisulphide. 
A quantity of these crystals was treated with sufficient carbon 
bisulphide to dissolve them and, after filtration, the crystals which 
separated first on slow evaporation were used for the else ake 
Well-defined crystals were obtained. 

A suitably sized crystal was placed upon the glass slip and the 
latter supported, with its surface horizontal, and heated by a small 
coil of platinum wire arranged underneath the slip, and provided 
with asbestos paper screens, the heating current being supplied 
by a few storage cells. With the aid of a rheostat in the circuit, 
the heating could be controiled. 


56 Mr Rudge, Observations on the 


The sulphur was seen to melt sharply and to gather itself into 
a drop which was a segment of a sphere if the quantity of material 
was small, if a large amount of sulphur was used then the drop 
was flat over the central portions. Drops of different sizes presented 
the same outline as long as they were small. 

Fig. 1 shows a group of these drops under a magnification 
of about 5 diameters. 

If the drops were allowed to solidify, the shape did not 
perceptibly alter, the contact between the drop and the glass 
being sharply defined. 

On raising the temperature the shape of the drop did not alter 
until 180° was reached, when it flattened and remained in this 
condition until 260° when it flattened still further. 

Figs. 2, 3, 4 show the appearance of the drop at 130°—190° 
and 265°. 

A curious fact is that on cooling down from 265° the shape 
of the drop does not alter, but having once become flat it remains 
so, and the same thing is seen on cooling from 160°. By heating 
to the higher temperatures the sulphur evidently “wets” the glass, 
and modifies the surface of the latter in some way, so that even on 
cooling down to the solidifying point and again melting, it still 
sticks. The sulphur has not itself altered, for if a portion of a drop 
which is sticking is jerked out on to a part of the glass free from 
sulphur and at a temperature of 130°, it slides about just as a drop 
of freshly-melted sulphur will. Solidification does not influence 
the wetting, as a drop may be melted and cooled many times and 
it will run over the hot surface of the glass if the temperature has 
not been raised above 180°. 

In order to get exact values for the temperatures at which the 
changes in form occurred, the glass slips were heated to definite 
temperatures by floating upon heated mercury. The presence of 
the mercury vapour, however, very materially altered the nature 
of the drop owing to the combination which occurred between the 
mercury and sulphur. The drops were no longer portions of 
spheres and even at temperatures just over 115° a change in form 
was seen. The sulphur now wets the glass, and Fig. 5 shows 
how it curves so as to run along the surface. The outer skin 
of the drop is of course composed of mercury sulphide. At 
a temperature of 125°—130° the drop assumes the form shown in 

ig. 6. 

A series of measurements of the angle between the tangent 
to the surface of the drop at the point of contact and the glass 
plate was taken as indicated by the intersection of the straight 
lines in the figures. To do this the microscope was adjusted with 
the cross wire parallel to the plate, and the position of the vernier 
noted. The microscope was then turned about its axis until the 
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cross wire was a tangent to the drop at the point of contact and 
the new position noted. The difference of the vernier readings 
gave the angle of contact of the drop with the surface. 

The following are a few typical readings taken on different 
drops whose diameters varied from ‘5 mm. to 12 mm. 


TABLE I. 

Temperature ist Reading 2nd Reading Angle | 
130° C. 273°0 209°5 63°°5 
Ly a 275°2 218:0 5T 2 
Tae": 5 209°5 147°3 62°°2 
£20". ,, 209°6 150°35 59°25 

Mean 60°:05 
TABLE II. 

Temperature Ist Reading 2nd Reading Angle 
185° C. 210-2 165°5 44°°7 
PO" %, 230°5 187°9 42°°6 
io 227-6 174°6 43°:0 

| £90" 5, 216°9 172°6 43°°3 

| Mean 43°:4 
TABLE III. 

= 

Temperature 1st Reading 2nd Reading Angle 
256° C. 209-6 173°6 26°:0 

| 261° ,, 210-3 182-7 27°-6 
| 254° ,, 210-0 18357 26°°:3 
: | Mean 26°°6 
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Small crystals of sulphur were placed upon the glass slips and 
the latter heated in a small air oven up to the temperature indicated, 
and in the case of the last two tables the angle was determined 
after the drop had solidified. In the case of the first table the 
measurements were made on the liquid drop. At about 265° the 
sulphur ignited, but this did not have much influence on the shape 
of the drop. 


CAPILLARY EXPERIMENTS. 


The surface tension was determined from the rise of the liquid 
in a capillary tube using the formula: 


T= a 6 
where r = radius of tube, 


p= density of liquid, 
h = height of liquid in ems., 
6 = angle of contact. 


The density of the liquid sulphur was determined between the 
temperatures of 123° and 154° by ascertaining the loss in weight 
of a glass plummet, after Mathiessen’s method. 

The plummet was suspended by a quartz fibre from the arm 
of a delicate “ Westphal” balance, and the loss in weight in water 
at different temperatures found, in order to determine the coefficient 
of expansion, so that the volume of the glass at the temperature 
of the liquid sulphur could be calculated. The weight of the 
plummet in air at 24° was 7-725 grms., and the loss in weight in 
water at the different temperatures was found by adding “riders” 
to the arm of the balance. 


TABLE IV. 


Temperature of water | Loss in weight 
| grms. 
24° C. | 3°0935 
Lo eee | 30670 
60° ,, 3°0525 
63° 55 30408 | 


From these values, the coefficient of expansion of the glass 
was: 
0000026 nearly. 


The experiment was then made of weighing the plummet in 
liquid sulphur at different temperatures. 
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TABLE V. 


Liquid Sulphur. 


Temperature of liquid Loss in weight 
grms 
123° C. 5622 
1334; 5-590 
Ue 3 eae | 5572 
TSS: «55 5-587 
| AO 5 5°555 
| 133". 3; | 5587 
154° ,, 5541 
TLDS op | : 5:53 viscous 
eS ae | 5591 


By aid of Table IV the volume of the plummet at 60° was 
found from the density of water at that temperature, and assuming 
that the expansion was uniform between 60° and 133° the volume 
at the latter temperature could be calculated. At 133° the sulphur 
was perfectly fluid. 


Mean loss in weight at 133° 55888 grms. 
Density of water at ... 60° 0:98339 
Volume of glass at... 60° 3104 ce. 


Volume of glass at’... 133° 3° 1099i5;; 
Density of sulphur at = 133° 1-861 


In order to find the capillary constant, some thermometer 
tubing was used and, after cleaning in the usual way, was allowed 
to stand in a test tube full of carbon bisulphide until wanted. 

The sulphur was placed in a test tube, about 2 cms. in diameter, 
and melted by heating in a large beaker containing glycerine, 
It may be mentioned that a glycerine bath is a very convenient 
means of heating substances which have to be examined at 
temperatures up to 280° as the glycerine does not boil until 
about 290°, and if clean and free from organic matter remains 
quite clear. 

The heating was effected by a current sent through a coil 
of platinum wire immersed in the glycerine. 

When the sulphur was melted the capillary was dried by blowing 
air through it and then immersed in the liquid, and the difference 
in level between the surface of the sulphur in the test tube and 
that of the sulphur in the capillary found by a table cathetometer. 
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Considerable difficulty was experienced in getting a series of 
consistent results, for with a particular tube the difference in level 
at practically similar temperatures varied considerably, and the 
only satisfactory results were obtained by forcing the column of 
liquid down by blowing air in at the top and noting the height 
to which the sulphur rose on withdrawing the pressure. Raising 
the liquid above the level by suction did not answer nearly so 
well. After a set of observations, the tube was cut at the point 
where the meniscus stood and measured with a reading microscope 
in the usual way. 


TABLE VI. 


Mean diameter of tube 0-103 cms. 


Upper Reading Lower Reading Height of liquid 
ems. 
15-745 15-522 223 
15:455 15-240 ‘215 | 
15894 15-670 224 
15-461 15-230 231 | 
15-465 15-235 -230 | 
15861 15-600 261 | 
15-555 15:268 287 
15-410 15-120 -290 
15°545 15-260 280 
15-580 15°365 215 
15505 15:245 260 
| | 


If we take the mean of the whole we get 246 cms. for the 
height of the column of liquid sulphur, and, calculating from the 
approximate formula 


pa Teh h, cos 0, 
2 > 


_ 103 x 1861 x 980 x :246 x ‘5 
= 2 
= 11°56 nearly*. 


It might be expected that considerable variation of the height 
of the liquid at different temperatures would occur, especially when 


“we get fl 


* Similar results were obtained with other tubes, but for some reason the 
sulphur showed: greater freedom of movement in this tube. 
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the temperatures were reached at which the liquid becomes viscous 
and wets the tube, but this was not the case, although a change 
in the shape of the meniscus was seen, it becoming deeper. Beyond 
160° the liquid was viscous and considerable pressure was required 
to force it up or down the tube. If forced up, it remained up, 
but if foreed down it very slowly rose to its old level. Between 
the temperatures of 122° and 154” the height of the liquid was 
practically constant. If a tube had been heated in the sulphur 
up to 180° it was quite useless for experiments at lower tempera- 
tures. In one case on heating the sulphur up to its boiling point 
the liquid rose 2°3 cms. in the capillary, but remained at this 
height and did not fall to a lower level on cooling. No change 
was seen at those temperatures at which the values of the angle 
of contact changed. 

The temperature at which the changes occurred was obtained 
by surrounding the bulb of a thermometer with a closely fitting 
cylinder of copper, cut away above so as to expose a portion of the 
thermometer bulb, the copper rod being heated by a burner and the 
thermometer screened from direct radiation by asbestos board. 
A small speck of sulphur was placed on the bulb and observed 
through the microscope. 


Fig. 7. 


The temperature of liquefaction was 115°. 

The temperature of the Ist change in angle 185°*. 

The temperature of the 2nd change in angle 256°*. 

Just above the last temperature the sulphur ignited. 

As already mentioned the presence of mercury vapour modified 
the angle of contact, and some experiments were made to ascertain 
whether the surface tension was also changed by presence of mercury 
vapour. 

With this object two test tubes, one containing sulphur and 
the other mercury, were heated in the glycerine bath. A 
capillary tube was placed in the sulphur, and then withdrawn, 


* These are the mean values of a number of determinations. 
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so as to leave some sulphur in the tube with a drop hanging, 
The length of the capillary column and the diameter and depth 
of the drop were measured. The tube was then quickly transferred 
to the test tube containing the mercury. The drop flattened and 
changed its shape but the height of the column did not alter, 
while a skin of mercury sulphide rapidly formed. 

Attempts were made to find the angle of contact by causing 
liquid sulphur to rise up in a hollow glass sphere until the surface 
was level all over and the meniscus disappeared at the edge. 


A tube was fashioned of the shape shown, the bulb being made 
as spherical as possible, and heated in the glycerine bath to 135° C. 

By forcing air into 7 the sulphur could be made to rise in the 
bulb and the height noted when the surface appeared level. 

If AB is the level of liquid, OB the radius of the sphere and 
BC the tangent at B, then ABC =angle of contact @. 

Let ab = y, the depth of the liquid, and OB =r the radius of 
the sphere, then 
we] 
r 


Tr 
cos 6 = 


A series of observations with a bulb of radius 1°625 cms. gave 
the following results : 


Phat; Soc: Proc. Xvi, Pt: 1. PLATE 


o 


Fig. 3. Fig. 4. 


SULPHUR 
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TABLE VII. 


Radius of sphere = 1:625 cms. 


Values of y | cos 0 0 
0:73 0-544 51°3 
0-80 0-508 59°°33 
0:78 0:521 58°36 
0-81 0-500 60°-0 | 
0:84 0:482 61°°13 | 
0:90 0:434 64°15 
| Mean 60°°13 


Quite fair results may be obtained by melting sulphur in test 
tubes about 1:2 cms. in diameter, using different amounts, and 
measuring the thickness of the solidified material when the upper 
surface was flat all over*. 

The diameter and thickness of the drops solidified upon the 
glass slips could also be used for making similar measurements. 

Not very much error can be made in assuming that the angle 
of contact is about 60°. It is very essential that the bulb should 
be quite clean and also not heated for long periods in contact 
with the sulphur even if the temperature is well below 150°, as 
both the glass and the sulphur seem to change after prolonged 
heating. 

It was somewhat difficult to secure satisfactory photographs, 
when the magnification was large. The lower portion of the 
figures is formed by reflections in the surface of the glass. 


* The sulphur occupied only the rounded end of the tube. 
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A method of characterising certain Ureides. By H. J. H. 
Fenton, Sc.D., F.R.S., Christ’s College, and W. A. R. WILKs, 
B.A., Gonville and Caius College. 


[Read 28 November 1910. ] 


Reference has been made, in previous communications, to 
a substance having the empirical formula C,H,O,, provisionally 
termed methyl-furil, which is obtained by the action of sulphurous 
acid on bromomethylfurfural and an account has been given of 
its applications as a reagent*. It was shown that this reagent 
in presence of hydrochloric acid, or phosphorus chlorides, gives 
an intense blue colouration with urea and with certain ureides, 
and that it serves as an exceedingly delicate test for these 
compounds. 

The present authors have now made a further study of this 
reaction by extending the observations to many additional ureides 
of known constitution, and it would appear that the test, when 
carried out in the manner described below, gives positive results 
for all ureides containing the open chain—NH—CONH, but 
gives negative results with those having a cyclic structure. Thus, 
for example, positive results are obtained with urea, mono- 
methylurea, benzylurea, semicarbazide, oxaluric acid, biuret, and 
hydantoic acid; but negative results with parabanic acid, hydantoin, 
oxamide, succinamide, and with sym. and unsym. dimethylurea. 
In this connection, it is of interest to observe that allantoin gives 
a very well-marked positive reaction, a circumstance which affords 
evidence in favour of the older formula proposed by Grimaux: 

se otic 
cof | Co 
NH, CO—NH 
rather than the “ hydroxyacetylene-diurein ” formula 


oe 
CO CO 
NH—C(OH).NH 
which has been more generally accepted t. 

The method adopted in applying this test consists in mixing 
together minute quantities of the substance to be examined and 
the reagent, on filter paper, and adding a drop of fuming hydro- 
chloric acid. In the case of the substances referred to, an intense 
blue spot appears after a few seconds. 

* Compare, for example, Fenton, Trans. Chem. Soc., 1903, 187; Cambridge 


Philos. Soc., 1906 (13), 298. 
+ Compare H. Biltz, Ber. 1910, 2002. 
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A note on the action of aluminium chloride on benzene. By 
ANNIE Homer, Newnham College. 


[Read 28 November 1910. | 


Friedel and Crafts* have shown that aluminium chloride 
reacts with benzene to form toluene, xylene, ethyl benzenes and 
diphenyl. At a later date+ they made the observation that if a 
current of dry oxygen were passed for a long time through a 
mixture of benzene and aluminium chloride kept at the boiling 
point of the benzene, a slight reaction took place whereby phenol 
was formed together with derivatives of phenol which could not be 
distilled. 

In the present investigation pure dry benzene was treated with 
25 per cent. of its weight of aluminium chloride. The flasks con- 
taining the mixture were fitted with reflux condensers to which 
were attached calcium chloride tubes; the flasks were heated to 
100° C. for periods of 10 to 14 days. After treatment of the 
residues with water and hydrochloric acid the oily layer con- 
sisting of unchanged benzene and the products of the reaction 
was removed, dried over calcium chloride and fractionally distilled. 
Besides the alkyl benzenes and phenol previously obtained by 
Friedel and Crafts the following fractions were isolated : 

Fraction 7. (below 160°/10 mm.) consisted of phenol and 
naphthalene. The naphthalene was recognised by its appearance, 
odour, melting point (81°), and by the melting point of its 
picrate (147°). Mixture of the substance with naphthalene and 
of its picrate with naphthalene picrate caused no change in the 
respective melting points, thus proving the identity of the sub- 
stance with naphthalene. 

The formation of naphthalene from benzene is interesting, and 
can be explained on the assumption that the ethyl benzene first 
formed is changed under the influence of the aluminium salt to 
diethyl benzene, which is then condensed to naphthalene by a 
dehydrogenising effect of the aluminium chloride. Thus: 


CEH 
CH,. CH, CH,. CH, CH 
——_— —_—> + 3H, 
CH,. CH, CH 
CH 
* Compt. rendu, 1885, c. 692. + Ann. Chim, Phys, 1888 [6], t. x1v. 433, 


VOL. XVI. PT. I. 5 
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Naphthalene was isolated from the products obtained in 
several experiments conducted under the above conditions, but 
none was isolated in an experiment in which the reaction was 
carried out for two days in sealed tubes at 180°. 

Fraction wi. (between 160° and 200°/10 mm.) was a eolourless 
oil which rapidly turned purple in the air. Analysis showed 
that it contained about 5 per cent. of oxygen, but no concordant 
results were obtained. The fraction was probably a mixture of 
substances which could not be separated by fractional distillation. 
Fraction wit. (212°/10 mm.), Fraction w. (240°/10 mm.), Frac- 
tion v. (260°/10 mm.) were oils, Fraction vi. (above 300°/10 mm.) 
on cooling set to a hard brittle mass. 

These fractions, contrary to Friedel and Crafts’ observations, 
were hydrocarbons and not phenol derivatives. Analysis gave: 


Fraction ui. C=92°6 percent. H=743 M.W.=170. 
z ie. C929 asaee Hie M.W. = 210. 
bs veh C= 99467 ine ah M.W. = 240. 
- Misr w= 95S yee iH 70 M.W.= 270. 


The hydrocarbons do not give readily crystallisable substitution 
products and they cannot be easily oxidised. At present no sug- 
gestion can be offered as to their constitution, although some of 
their nitration products are being investigated. It is extremely 
probable that the difficulty of the problem has been increased by 
secondary reactions between the primary products of the action 
of aluminium chloride on benzene and the phenol and oxygen 
containing compounds (Fraction ii.) formed by the interaction of 
the oxygen of the air with the benzene and aluminium salt. An 
attempt to elucidate the problem by the preparation of the oxy 
compounds in greater quantity was made, but without success. 
A slow current of dry air was passed through the reaction mix- 
ture, but an examination of the products yielded only a small 
amount of phenol and a dark viscous substance which could not 
be distilled at the temperature at which glass melts; there were 
none of the Fractions ii. to vi. present in the products. 

Thus the action of aluminium chloride on benzene in the 
presence of a small supply of air proceeds slowly and the relative 
amount of benzene changed is small. The products of the reaction 
are alkyl benzenes, naphthalene, phenol and a series of hydro- 
carbons. Ifa slow current of air be continuously passed through 


the reacting mixture the only products are phenol and dark 
non-distillable products. 
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The Radium-Content of Salts of Potassium. By JOHN SATTERLY, 
D.Se. (Lond.), B.A., St John’s College. (Communicated by 
Professor Sir J. J. Thomson.) 


[Read 28 November 1910.] 


In 1907 Mr N. R. Campbell*, working at the Cavendish 
Laboratory, discovered 

(1) that the salts of potassium were radio-active ; 

(2) that they emitted B-rays of velocity less than the §-rays 
of uranium ; 

(3) that the activity of potassium measured by its ionising 
power was about ;,,, of that of uranium as measured by the 
ionisation caused by the @-rays from that substance. 

To assure himself that the activity was not due to radium, 
thorium, or actinium, Campbell tested the salts for emanation. 
The following passage taken from his paper gives his method and 
results. “The sample of potassium sulphate used was tested for 
an emanation. A saturated solution of the salt in water was 
stored in a closed vessel for four weeks. At the end of that 
period the air above the solution was drawn into a testing vessel. 
No increase in the ionisation was observed. To indicate the sensi- 
tiveness of the test, it may be remarked that one-thirtieth part of 
the emanation in a volume of Cambridge water equal to that of 
the solution would have been detected with certainty. The 
presence of radium, thorium, or actinium is negatived decisively 
by this test.” 

It will be noticed that the air above the solution was drawn 
off and tested; the solution was not boiled, and air bubbled 
through it to clear out any emanation generated in the four 
weeks of standing. No doubt if the salt contained radium some 
of the generated emanation would be in the air above the solution 
after four weeks, but the main volume of the emanation would be 
dissolved in the solution, and thus Campbell’s method would over- 
look the main volume of emanation generated. 

Since Campbell’s first experiments many other workers have 
gone into the question of the activity of potassium, but this point 
seems to have been generally overlooked. Elster and Geitelf, 
however, detected a slight activity on a negatively charged wire 
placed for a time above some carnallite, but they were not sure 
whether the active deposit came from radium emanation given 
off by the salt or from the radium emanation in the air. 

The author has determined? that if a litre of Cambridge tap 
water, fresh from the tap, is boiled and air bubbled through, the 

* Camb. Phil. Soc. Proc., x1v. Mar. 1907 and Nov. 1908, 


+ Physik. Zeitschr. x1. 1910, p. 279. 
+ Camb. Phil. Soc. Proc., xv. June 1910. 
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amount of radium emanation given off is that which would be in 
equilibrium with 130 x 10—” gm. radium. Assuming in Campbell's 
comparison experiment that the relative concentrations of the 
emanation in the air above the liquid and in the liquid were the 
same in the two cases of the solution of potassium salt and the 
tap water, it follows that the amount of radium in the potassium 
solution was less than 4 x 10” gm. per litre. 

It was to measure the absolute amount of radium in potassium 
salts that the following experiments were made. 

The apparatus used for extracting the emanation from the 
solution is shown in the figure. The solution was placed in a 
litre flask F' fitted with a cork and two tubes. The larger tube 
served as an outlet and communicated to a Liebig’s condenser C 
placed on the slant to allow the condensed water to run back into- 
the flask. The other end of the condenser tube was joined to a 
large bottle A which, in conjunction with another bottle D, served 
to aspirate air through the solution. The air was admitted into 
the solution through a tube containing coconut charcoal. The 
charcoal would absorb any emanation that might exist in the air 
of the room. When heat was first applied to the solution the 
taps of the bottle A were opened, and when the solution had been 
boiling for some time the clip 7’ was also opened. The flow of 
water from A to D now sucked a rapid stream of air through the 
solution and all its generated emanation was removed and stored 
in the air collected in the bottle A. To test the amount of this 
emanation a testing vessel was exhausted and filled with the air 
in A. The “leak” in the testing vessel was then measured by a 
Dolezalek electrometer. The identity of the emanation with 
radium emanation was shown by the gradual increase of the leak 
for three hours, 
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In order to express the radium-content of the solution in terms 
of radium a precisely similar experiment was performed with a 
radium solution of known strength. The solution used contained 
157 x 10-° gm. of radium as radium bromide and a day’s accumu- 
lation of emanation from this solution afforded a “leak” of 20:0 cms. 
per minute*. Then if a certain solution of a potassium salt yields 
in a day emanation which gives rise to a leak / cms. per minute 
the radium-content of the solution 

l = 
= on 1:57 x 10-° gm. radium. 

The salts of potassium used were the chloride, sulphate and 
nitrate, and some carnallite (KCl. MgCl,,6H,O) from Campbell’s 
stock of salts, also the sulphate, carbonate and nitrate, as supplied 
by Kahlbaum. The wood ashes mentioned by Campbell were also 
tested. Strong solutions were made up in litre flasks using dis- 
tilled water}. After each boiling the solutions were allowed to 
stand for about a week before retesting. The results are indicated 
in the table on page 70. 

The mean result is that one gram of potassium salt contains 
about 3 x 10-4 gm. of radium; the radium-content does not seem 
to bear any ratio to the percentage of potassium in the salt. — It is 
probably a mere accidental impurity. 

It is worthy of mention that a solution of sodium carbonate 
containing 196 grammes of anhydrous salt (Kahlbaum) was tested 
in the same way for emanation but none was found after a seven 
days’ standing. 

Since the activity of uranium is about one two-millionth of that 
of radium and Campbell found that the activity of potassium is about 
one-thousandth of that of radium, it follows that if the activity of 
the potassium salt were solely due to radium ‘5 x 107° gm. of radium 
per gm. of salt would be required. My experiments show that the 
actual radium-content is only about one ten-thousandth of this, so 
that Campbell was quite right in declaring that potassium itself 
was radio-active. 

My best thanks are due to Professor Sir J. J. Thomson for his 
kindly interest in the experiments. 


~ 
* Camb. Phil. Soc. Proc., xv. p. 543. 
+ The distilled water was tested and found free from radium. 
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On the Inheritance of the Yellow Tinge in Sweet Pea Colouring. 
By M. G. THopay (SyKkgs), Girton College, Fellow of Newnham 
College, and D. THopay, M.A., Trinity College, Demonstrator of 
Botany in the University of Cambridge. 


{Read 14 November 19 10. | 


Some experiments were started by one of us in 1906 with the 
object of investigating the nature and inheritance of the yellow 
tinge in scarlet, salmon, and deep cream sweet pea flowers. Several 
crosses were made and the offspring grown as far as the /’, genera- 
tion. The results from Queen Alexandra x Dorothy Eckford seemed 
most suggestive, and the inheritance of various /, individuals was 
investigated in F, and F,. For the experimental work of 1910 
and for the conclusions deduced from the results we are jointly 
responsible, 

The seeds from which the parent plants were grown were 
obtained from Messrs Eckford. We are indebted to Mrs Sykes, 
Rossett, Denbighshire, and Mr Allington Hughes, Gresford, 
Denbighshire, to the Royal Holloway College, Girton College, 
and the Experiments Fund of the Cambridge University Botanic 
Garden, for ground in which to grow our plants; also to Dr M. 
Benson and Miss E. Welsford, Royal Holloway College, and 
Mr J. Seabourne, gardener, Rossett, for assistance in harvesting 
and planting out. 


RESULTS FROM VARIOUS CROSSES. 


The crosses made and the F, forms obtained from them were as 
follow : 
Sueen By ag King Edward*—magenta with a slight 


scarlet > : 
crimson flush in the standard. 


Dorothy Eckford—white 


Queen Alexandra—bright scarlet 
Miss Henrietta Philbrick—clear blue self-} Purple Invincible. 
coloured 


Blue with a dingy 


coloured standard. 


Dorothy Eckford—white 


Dorothy Eckford—white Bluish pink with a slight salmon 
Henry Eckford—deep sieht flush in the standard. 


Miss Henrietta Philbrick—clear blue = 


* It must be clearly understood that only the parent plants are named varieties 
in the florists’ sense; when plants among the offspring are described by florists’ 
names it is merely intended to indicate apparent identity in flower colour and we 
do not wish to imply complete resemblance of form, ete. 
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The F, from Queen Alexandra x Miss Philbrick was far too 
complex for any hope to be entertained of a satisfactory analysis. 

From Dorothy Eckford x Henry Eckford various pale magenta, 
salmon, white, pale cream and deep cream forms were obtained 
similar to those occurring together with reds in F, from Dorothy 
Eckford x Queen Alexandra. It was hoped that this cross would 
prove the most interesting, but its offspring set seed so badly that 
it was abandoned. 

It is remarkable that the F, forms from the first and the last 
two crosses in the list given above are all slightly bicoloured 
flowers. The blue parent in Miss Philbrick x Dorothy Eckford 
was clearly self-coloured; crossed by Dorothy Eckford it gave a 
bicolor blue F,, and the F, generation consisted only of forms 
resembling the two parents and the F,. The tinge in the standard 
is somewhat pinkish and can hardly be called yellow as it is in the 
other two cases ; but since it turns up each time in F, it appears 
probable that in all the crosses it is brought in by Dorothy Eckford 
and is a dominant character. This is somewhat surprising as it is 
found that all the other yellow tinges are recessive. Compared 
with these other recessive tinges this dominant tinge is so slight 
that it is necessarily neglected. It nevertheless in all probability 
confuses the issues in the Queen Alexandra x Dorothy Eckford 
cross, by adding to the difficulty, great enough in itself, of distin- 
guishing between certain closely similar forms. 


Offspring from Queen Alexandra x Dorothy Eckford*. 


I. Ratio of reds : pinks : whites. 


(a) The proportion of coloured forms to whites (including 
creams) approximates to 3:1. In F, there were 85 reds and 
pinks to 22 whites and creamst. The proportion is better shown 
in later families. All the families in F, and F, from magenta 
parents which gave red, pink, and white forms, taken together, 
gave 149 reds and pinks to 50 whites and creams. Similarly the 
largest pink families gave 37:12 and 32:10. Thus on the ordinary 
hypothesis that two factors are concerned in producing colourt?, C 
and &, either C or R must have been present in Dorothy Eckford. 
_ (6) The proportion of pinks to reds suggests that the greater 
intensity of colour in the reds is dependent not on a single factor 
as in the cases hitherto investigated, but on the concurrence of two 
independently inherited factors. In the former case there should 


* Both forms are hooded, Dorothy Eckford markedly so. 

+ Owing to unfortunate weather only this small number of F2 plants, 107 in all, 
were obtained from several hundred seeds sown. 

t Bateson, W., Saunders, E. R., Punnett, R. C., Roy. Soc. Proc., B, Vol. txxvu. 
p. 236, and Reports to the Evolution Committee, 111., and following. 
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be 3 reds to 1 pink, in the latter 9 reds to 7 pinks. The numbers 
actually found and those to be expected are as follow: 


CO oe sid sis my, sits ... 51 reds: 34 pinks 
In F, and F, families from magenta parents 81 reds: 61 pinks 


Total 132 reds: 95 pinks 
Expectation9:7  ... a oe ... 128 reds : 99 pinks 


The same high proportion of pinks is shown by most of the 
families from red parents. 

If this interpretation is correct some of the pinks when crossed 
together should give reds. It is hoped that this may be tested 
later. 


II. The yellow factors. 


The various forms which were distinguished in F, and the 
following generations are given in the list : 


Pink Forms. 


STS nl eo eee pale magenta. 
Blue pink bicolor ............ pale magenta, with salmon flush in 


standard. 
Blue pink tinged «....0. .06.« pale magenta, with slight salmon flush. 
Helen Lewis (bicolor) ...... wings pale magenta with slight salmon 
flush, standard salmon. 
BERUMOT PUN | oo ceca wete cies salmon pink. 


Deep salmon (St George)...deep salmon, standard deeper. 


fed Forms. 
Hime Wdward) oi ccicssesaans magenta, with slight crimson flush in 
standard. 
King Edward bicolor ...... magenta, with scarlet flush in standard. 
Pale Queen Alexandra...... pale scarlet. 


Deep Queen Alexandra ...deep scarlet. 


White and Cream Forms. 
White 


Pale cream...some showing a difference between standard and wings. 
Deep cream. 


The pink varieties are more easily distinguished than the reds, 
as the various shades of yellow stand out more clearly on the paler 
ground. 

Among the red forms the F, King Edward, magenta with a 
slight crimson flush in the standard, cannot be accurately separated 
from a form, referred to as King Edward tinged, in which a similar 
slight crimson flush tinges the whole flower. King Edward bicolor, 
with wings of a pure magenta, has a bright scarlet standard. Several 
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slightly different forms are collected together under the name pale 
Queen Alexandra, of which the most easily distinguished is a fine 
self-coloured pale scarlet; the others are pale scarlet with a more 
or less distinctly deeper standard, intermediate between King 
Edward tinged on the one hand and deep Queen Alexandra on 
the other. Deep Queen Alexandra is probably identical in colour 
with the parent form; it is deep scarlet all over, the standard 
appearing yet somewhat deeper than the wings. 

Among the pinks the forms arrange themselves more dis- 
tinctly into pairs, one member of each pair being markedly 
bicoloured. Blue pink is a pale magenta flower, corresponding in 
the pale series to King Edward in the red series. It is almost a 
self-coloured pea, but sometimes the standard appears to have a 
less bluish tinge than the wings. Blue pink bicolor has wings 
like blue pink but a bright salmon standard, its appearance sug- 
gesting that it corresponds to the red King Edward bicolor. The 
second pair of forms consists of Blue pink tinged and Helen Lewis. 
The former, which is not easily distinguished from Blue pink, is 
pale magenta with a slight salmon flush all over the flower, 
apparently self-coloured; Helen Lewis is a bicolor having wings 
like Blue pink tinged but a salmon standard. Salmon pink is 
a beautiful self-coloured pea, at once recalling the self-coloured 
pale Queen Alexandra; some examples were almost flame colour 
and probably represent a distinct type. The deep salmon form 
called St George resembles the florists’ St George and is bicoloured, 
with its wings deeper than salmon pink and its standard a still 
deeper salmon, almost orange. Of this variety also two forms were 
distinguished, one with its wings not quite so yellow as the other ; 
these two types may probably be looked upon as the respective 
bicoloured forms of the two kinds of self-coloured salmon pinks. 

The whites are easily separated from the deep creams, which 
recalled the Hon. Mrs Collier in shade. There were several pale 
creams, some almost white, and self-coloured, others bicoloured, 
having a standard verging towards deep cream. 

Microscopical evidence. The examination of the cells of the 
flower under the microscope is not always entirely satisfactory as 
a method of distinguishing between the various forms, but it 
throws some light on the nature of the yellow tinge associated 
with the different factors. 

The yellow colouring is found (@) as a yellow tinge in the sap 
colour, that is, the sap instead of being magenta is scarlet or 
salmon; (b) as golden yellow plastids. 

In three of the forms the yellow tinge is entirely due to sap 
colour. These three are a pale Queen Alexandra, Salmon pink, 
and one of the pale cream varieties. They are all perfectly self- 
coloured forms, and it is remarkable that the pale scarlet and 
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salmon pink, unlike most varieties with a deep yellow tinge, do 
not burn. 

The other tinged forms described as nearly self-coloured, Blue 
pink tinged and King Edward tinged, have faintly tinged sap. 
A few yellow plastids have been noticed from time to time in 
the young flowers, especially in the standards, both in these two 
forms and in King Edward and Blue pink. 

In all the bicoloured forms yellow plastids occur in large 
numbers: King Edward bicolor, the bicoloured pale Queen 
Alexandra, Blue pink bicolor, Helen Lewis, and the bicoloured 
pale cream, have only sap colour in the wings, but in the standard 
large clusters of golden yellow plastids are present as well as the 
sap colour. In the three pure recessive forms, deep Queen 
Alexandra, St George, and deep cream, not only is the sap more 
deeply tinged than in any of the others, but yellow plastids occur 
in large numbers in the standard and in smaller numbers in the 
wings. 

It will be seen that the well-developed plastid colour corre- 
sponds to the deep yellow tinge, appearing in the standard only, 
except when in the presence of salmon sap it spreads also to the 
wings. 


From the occurrence of so many forms in the offspring it 1s 
obvious that the deep yellow tinge in Queen Alexandra is complex 
and must be due to several coincident factors. 

It is clear from microscopical observation that one factor con- 
cerned is a magenta factor affecting the sap. In its absence the 
ordinary colour factor (R)* makes the sap scarlet or salmon, while 
when the magenta factor is also present the sap is magenta; in 
other words magenta anthocyanin is epistatic to scarlet or salmon 
anthocyanin}. The pair of characters representing the presence 
and absence of this magenta factor we have designated D, d. 

Another factor equally clear is that concerned in the production 
of bicoloured forms. Each self-coloured form has a corresponding 
bicolor, in which the standard appears markedly yellow owing to 
the presence of yellow plastids. The pair of characters involved 
here we have called X, x. In forms containing the dominant, X, 
the self-coloured forms, there are few or no yellow plastids presentf. 
In forms pure in « large numbers of yellow plastids occur in the 
standard. When the magenta sap factor is also absent yellow 


* Bateson, Saunders, and Punnett, loc. cit. 
+ Cf. Wheldale, M:, ‘“‘The Colours and Pigments of Flowers, with Special 
Reference to Genetics,” Roy. Soc. Proc., B, Vol. uxxxt. 1909, p. 48. 

- + It is not easy from microscopical observation to make certain whether in the 
self-coloured forms white plastids always occur, corresponding to the yellow plastids 
of the bicolors, or whether in the self-coloured forms plastids are sometimes 
absent altogether. 


76 Mrs M. G. Thoday and Mr D. Thoday, On the Inheritance 


plastids are found in the wings as well as in the standard, and the 
wings thus also take on a deep yellow tinge; but the standard has 
yet a deeper tinge and the forms are still bicoloured. 

In order to produce all the forms which occur, another factor 
must be concerned. From the microscopical observations the 
exact nature of this factor is not clear. It appears to affect the 
whole flower and is mainly a sap tint; but some of the observations 
suggest that a small number of plastids is also concerned. As it 
is quite independent of both the other pairs of characters in the 
sense that the faint yellow tinge associated with the recessive 
character adds independently to the yellow tinge of the deepest 
forms, we have spoken of it in terms of this yellow tinge, leaving 
its nature an open question*. 

Our three pairs of characters, then, are: 

D, d, the presence and absence of a magenta factor affecting the 
sap throughout the flower, epistatic to salmon or scarlet ; 

Y, y, of which Y involves the non-appearance and y the appear- 
ance of a faint yellow tinge all over the flower ; 

X, white plastids (or no plastids), dominant to @, yellow plastids 
confined to or predominating in the standard. 

Thus, speaking throughout in terms of the yellow tinge, it is 
the recessive member of each pair with which the yellow tinge is 
associated. The deepest yellow forms, deep Queen Alexandra, the 
deeper salmon, and deep cream, are those pure in all three recessive 
factors. 

The relations between the various forms can be expressed dia- 
grammatically thus, considering only the pink forms for the sake 
of simplicity. 


Blue pink (p.magenta) - ——————-—_ Blue pink bicolor 
YD =: = 
: A PST: ga 
aN 
Blue pink tinged <————_ Helen Lewis 
yDX yDxz 
Pale salmon pink< Pale St George 


YdxX Ydx ee 
ay 


Deep salmon pink< Deep St George 
yax ydz - 


* It may be important to note that in practice Blue pink bicolor is most easily 
distinguished from Helen Lewis bicolor in that it fades to an almost uniform and 
very pale pink, while Helen Lewis “burns” but does not fade. These two forms 
differ in the presence and absence of the faint yellow tinge. The paler St George 
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In Table I. is displayed our scheme based upon these three 
pairs of characters. 


TABLE I, 


Constitution of F, from Queen Alexandra x Dorothy Eckford. 


Pinks Reds 
Numbers ei Numbers 
Lae Consti- | Ife 
— —| Description tution | Description = 
found | expected expected | found 

17 14-3 | Bl. pk. YDX | King Edw. PANES) 28-7 34 

6 4°8 | Bl. pk. tinged | y DX | K. Edw. tinged 7-2) 
5 4:8 | Bl. pk. bicol. YD« | K. Edw. bicol. 7-2 7 

2 1:6 | Helen Lewis yDex | p. Qu. Alex. bicol. 2-4) 
9 6-4 ( 4:8 | Salm. pk. YdX | p. Qu. Alex. 7-2} 12-0 8 

| 1-6 | d. salm. pk. ydX | p. Qu. Alex. 2-4) 

1-6 | p. St George Yda | d.(?) Qu. Alex. a) 
2 2-1 (salm. bicol.) | + §63°2 2 

0-5 | d. St George | ydza | d. Qu. Alex. 0-8) 
— — | (d.sal. bicol.) | | a= 
34 34 | 51-1 51 


The scheme assumes that all three pairs of characters are 
simple Mendelian alternatives, the yellow tinge associated with 
each recessive character being visible by itself and adding inde- 
pendently to the intensity of the deeper yellow forms. 

With regard to the bicolor tinge this independence is quite 
clear; but it might at first sight appear more reasonable to 
suppose the other two factors, both of which affect the whole 
flower, to be related in some way. For instance, one might 
hypothecate a tinged magenta factor, epistatic to salmon, magenta 
being epistatic to both. The proportions in F, afford no conclusive 
evidence for either hypothesis, as the numbers are too small ; it is, 
however, rather striking that on the one which we have adopted, 
Table I, the experimental numbers show a marked deficiency 
among the yellower forms, and on the other quite as marked an 
excess. Owing to the delicacy often exhibited by these forms a 
deficiency among them might well be expected, but it would be 
is probably to be distinguished in a similar way from deep St George. In at any 
rate a few cases pale St George was observed to fade (notably in Family 20, Table II.), 
but this fading was by no means as marked as in Blue pink bicolor. It appears 
that when plastid colour is associated with the faint yellow tinge (ry) it does not 


fade, but when plastid colour is associated with Y («Y) both sap and plastid 
colours fade. 
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difficult to give a reason for an excess. In the F, and F, families 
also, the proportion of salmon pink and salmon forms among the 
pinks and scarlet forms among the reds is consistently greater than 
the alternative theory would lead one to expect. 

The facts as to the inheritance of the different forms do not 
give more certain aid: all the cases in which the inheritance 
should in theory distinguish between the two hypotheses are in 
practice of little use, as they necessitate separating from one 
another with precision forms which can only with difficulty be 
distinguished. It has, however, already been stated that, among 
the salmon pinks and the deep salmons, forms have from time to 
time been observed which were deeper than usual (deep salmon 
pink and deep St George), and their occurrence and their distinct- 
ness have led us to regard them as representing two additional 
forms. ‘These forms fit easily into a scheme in which y and d are 
regarded as independently imparting a yellow tinge to the whole 
flower and as giving together a deeper tinge. Between the two 
forms of deep salmon, moreover, there is a ditference in inheritance, 
the paler St George throwing pale cream, the deeper St George 
giving deep cream only. 

Two families may be quoted here as examples of further detailed 
evidence which supports the view put forward. (a) A Blue pink 
tinged gave 14 Blue pink tinged: 3 Deep salmon pink. In this 
case it was quite clear that all the salmon pinks belonged to the 
deeper form, and it will be seen from the Table that when Blue 
pink tinged is pure in X the only pink form it should throw is the 
deeper salmon pink (yDX : ydX ::3:1). (6) The offspring from a 
Blue pink bicolor included the paler St George and pale creams. 
The parent (YD) was thus pure in Y, heterozygous only in Dd 
and colour. The numbers should accordingly be in the proportion 
of 9:3:4. The actual numbers were 30:7: 12, the expectation 
28:9:12. This family is strong evidence in support of the view 
that Blue pink bicolor and the paler St George differ in one 
character only (D, d) and thus that d is not merely an intensifica- 
tion factor. 

Ill. Details of F, and F,. 

Table II. gives the numbers of the offspring in some of the 
families derived from F, and F; plants. Individuals belonging to 
all the forms respectively bred true, but the pure families are 
not given: unfortunately some of the largest families were pure and 
some of the mixed families very small. 

Whites, etc. It is very difficult to separate out the pure whites 
from the various pale creams, and to attempt to give numbers from 
the families in Ff, and F’, would serve no useful purpose. Deep 
cream always bred pure: the pale creams threw deep creams, and 
the whites both pale and deep creams. 
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TABLE II. 


Offspring of the various forms occurring in F, and F,. 


| | 
| | KE. | bl.pk. p.s.pk.|p.StG.| wh. 
| Parent and K.E.bi. p.Q.d.\d.Q.d.| and |bl.pk.bi.\H.L., and | and | and |d.er. 
| K.E.t. bl.pk.t. | d.s.pk.| d.StG.| p.cr. 
| 
1 19 6 3 i eG 13 2 3 12 
2 15 4 5 9 5 1 1 12 | 
mm. | 3|. 5 2 2 1 1 2 Ee ee 
K.E.t., | 4 6 5 3 | 2 
or << 5 10 3 
K.E.bi.)6| 3 1 2 1 haat 
| it 9 6 3 | 
8 | 3 3 if 
9 | ane! 1 | 
10 | 2 1 if 2h Mee 
(i 1 1 4 Tei Aes: 3 
p.Q.A. 412 134 Pgh ies | 
13 114 Bi | ca 
14 4 2 | 
d.Q.A....15 12 | 3 | 
16 5 1 1 1 ft 
bLpk. {17 | | 9 Ble Peto Pa? hao | 
18 | | 3 1 4 2 | 
bipk.t. | 18 | i: Se | | 
(20 30 74 |, 12 
(21 8 4 1 
bl.pk.bi. | 22 5 2 | 
[23 | 31 7 
24 | 12 | 8 
eT... 20: | a 2 tl 
. (26 | Wee 3 | 
pespk. [97 | 1 3 | 
heat | | 21 | 10 | 
Spit. 29 35 18 
{30 | 3 1 | 
hag 31 | : 2 | 
i 
d.StG. les | | | ted ak 
| | | } | 
“ Mixed p. and d.Q.4. » 6 p.s.p. and 4 d.s.p. 
ce b.p.t. and d.s.p. d p.StG, 


St George bicolors (deep St George = yyddax; pale St George 
= YY or Yyddax). One of the F, St Georges bred true (12 plants), 
and the other did not set seed. Seeds were sown from four of the 
individuals found in other families in F,, and of these families 
(80—33, Table II.) two contained deep creams and two pale 
creams, the pale creams showing a marked difference between 
wings and standard. The parents of the two former families were 
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certainly of the deeper kind, deep St George, those of the two 
latter probably pale St George. 


Salmon pink self-colour (deep salmon pink = yydd X x pale 


salmon pink = Y Y ad x = . Unfortunately all the families derived 


from plants with salmon pink flowers were pure as to pink colour, 
containing no creams. As would be expected from the scheme, no 
other pink forms except the two kinds of deep salmon were given. 
Two small families (26 and 27, probably from deep salmon pink 
parents) gave salmon pinks: deep St George::3:1; in one of 
these the seeds from two of the salmon pink offspring were sown, 
one was pure, the other gave deep St George again 3: 1. 

The other two larger families (28 and 29) gave St Georges in 
the ratio of 2:1. In Family 28 it is recorded that the St Georges 
were pale; in Family 29 both kinds of salmon pink and both 
kinds of St George (deep and pale) were recorded, though it 
is not possible to estimate the actual number of each. It may be 
that some of the deep salmon pink forms have been mistaken for 
pale St George, which would bring the proportion nearer to 9:7; 
or, more probably, the deficiency of salmon pinks is to be compared 
with a similar deficiency in F, and is due to some other cause. 


Helen Lewis bicolor (yyD gee). All the Helen Lewis plants 


of which seed was sown bred pure except one, from which a small 
family (25, Table II.) containing deep salmons was obtained. As 
Helen Lewis can only be heterozygous in D, deep St George is the 
only form to be expected (apart, of course, from creams). 

Blue pink bicolor (eae 
should be possible for Blue pink bicolor to throw all the bicoloured 
forms, viz. Helen Lewis and both kinds of deep salmon. The parent 
of Family 20 (Table IL.) is apparently heterozygous in D, giving 
the paler St George along with pale cream. In other cases (21 
and 22) it is heterozygous in Y, giving Helen Lewis. The two 
families throwing only pale creams taken together give a 3:1 
proportion. 


we). According to the scheme it 


Blue pink and Blue pink tinged, self-colours (op —e pga = 


bpt = yD) X 2 . It is exceedingly difficult to distinguish, cer- 


tainly, between these two forms. Blue pink tinged should give 
Helen Lewis, deep salmon pink, deep St George, and pale and 
deep creams. In one case, a small family, all three possible pink 
forms occurred (Family 18). In two other small families salmon 


elem 


ra ae a 
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pink and deep salmon occurred, but no Helen Lewis; probably the 
absence of Helen Lewis was accidental. One family, of which the 
parent was certainly blue pink tinged, was pure in X and _hetero- 
zygous in D only, giving the deep form of salmon pink (Family 19). 

Deep Queen Alexandra (yyddaxx). This was always pure as to 
its deep yellow tinge. Two large pure families were obtained, and 
two others which gave deep cream. Unfortunately no family 
occurred which contained deep St George, the other form to be 


expected. 

Pale Queen Alexandra (yy Dia: Y ad yydd X* 
Y" ddaz) . Of the four forms, that of which the constitution is 
given last has probably been classified as deep Queen Alexandra: 
it would be expected to give the two forms of St George, and, by 
analogy with pale St George, pale cream as well as deep cream, 
but no family of this type occurred among the few grown. The 
first form should give Helen Lewis and deep St George. Family 10 
was probably derived from a parent of this type, as it contained an 
undoubted Helen Lewis which bred pure; though the presence of 
the salmon pink is unexpected. The second and third forms could 
give salmon pink and deep salmon but no Helen Lewis (Families 12 
and 13). These are the self-coloured forms, and several families 
were obtained which were pure in X giving only salmon pink. 


King Edward (y ; D : xX = ; King Edward tinged 


(yD X ar King Edward bicolor (v | Dee): These forms 
are not easily distinguished apart from their inheritance. King 
Edward could, of course, give all the forms, red, pink, and 
white; from King Edward bicolor, on the other hand, only the 
bicoloured forms would be expected. One family of 22 plants 
derived from a King Edward bicolor, but not mentioned in the 
Table, consisted of three or four forms, which could not be disen- 
tangled; they were probably King Edward bicolor, the two 
bicoloured pale Queen Alexandra, and deep Queen Alexandra. 
The other families do not call for special remark. 


IV. General conclusions from the study of the F; and F, 
generations. 

On the whole the behaviour of the F, and F, families, 
derived from self-fertilised plants in F,, supports the scheme 
already outlined. 

The first outstanding fact is that the forms are readily 
arranged into two series, consisting respectively of almost self- 
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‘coloured and markedly bicoloured forms. Forms belonging to the 
self-coloured series can throw those in the bicoloured series, but 
the reverse has never been known to happen. 

The arrangement into pairs of corresponding forms, one self- 
coloured and one bicoloured, which was suggested by their 
appearance, is found to be supported by the correspondence in 
the inheritance of the members of each pair. Thus Blue pink 
gives all the pink forms, self-coloured and bicoloured; Blue pink 
bicolor gives all the bicoloured forms. Similarly Salmon pink 
gives only Salmon pink and St George; St George gives no other 
pink form. The two forms in each case differ from each other in 
that the second is pure in the recessive bicolour factor which is 
found to be associated with the presence of yellow plastids in the 
standard (zx), whereas the first carries the corresponding dominant 
character, so that it may be heterozygous (Xz). 

The inheritance of the red and pink forms points to correspond- 
ences between them similar to those suggested by their appearance. 
For instance, it appears that tinged King Edward is the red form 
corresponding to Blue pink tinged, since the latter is constantly 
found in families derived from tinged King Edward, but has never 
occurred in a family derived from pale Queen Alexandra; also that 
the bicoloured pale Queen Alexandra is the intense form of Helen 
Lewis, since Helen Lewis is found in a family derived from a pale 
Queen Alexandra parent, but has never occurred in families derived 
from King Edward X. 

As is suggested by microscopical observation, deeply tinged 
sap as well as yellow plastids is necessary in order to produce deep 
cream. Deep cream never occurs in families derived from pale 
Queen Alexandra unless deep Queen Alexandra or the deeper 
St George appear in addition to the sap-coloured forms among 
the offspring. Thus only deep Queen Alexandra and the deeper 
St George correspond to deep cream. 

There is one remarkable family which stands out from the rest 
as an exception to the general agreement with our scheme. It 
(Family 17) was derived from a blue pink parent which had been 
recorded as distinctly tinged. It included all the pink forms except 
unquestionable Blue pinks, but gave neither whites nor pale creams. 
The pinks stood to the deep creams in the ratio of 3:1. Not only 
is the absence of white and pale cream forms remarkable, but the 
presence of Blue pink bicolor is unexpected and the proportion of 
deeply yellow-tinged forms is altogether peculiarly high. Of the 
ten salmon pink forms, four were of the deeper kind. No explana- 
tion of this aberrant family can be attempted, but it is hoped that 
further evidence may be forthcoming to throw some light upon it. 
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OTHER WORK ON THE YELLOW TINGE IN SWEET PEAS. 


Varieties tinged with yellow have hitherto been little used in 
Mendelian experiments. It appeared early in Mr Bateson and 
Miss Saunders’ work on sweet peas* that cream was recessive to 
white in both sap-coloured and non-sap-coloured forms; but the 
results of only two crosses involving cream are given. 

In Queen Victoria x Emily Henderson the ratio of non-yellow- 
tinged forms to yellow-tinged forms is about 15:1. Queen Victoria 
was a very pale pink deeply tinged with yellow, and its con- 
stitution with regard to yellow may have resembled that of our 
deep salmon forms. The proportion is very suggestive of that to 
be expected on a scheme founded on three pairs of characters as 
illustrated by our pinks: Blue pink tinged and Blue pink would 
certainly have been counted together as “not cream,’ and the 
others as “cream,” giving a proportion of 19:15 out of 34 (see 
Table L.). 

In another cross, Veuus x Emily Henderson, non-cream behaved 
as a simple Mendelian dominant to cream: probably Venus had 
only one of the possible cream characters. 


SUMMARY. 


1. The deep yellow tinge in deep Queen Alexandra, deep 
salmon (St George) and deep cream sweet pea flowers appears to 
be dependent on three coincident recessive characters. 

2. Each recessive character brings in a component which is 
visible by itself on the magenta or pink ground, and adds inde- 
pendently to the intensity of the deeper forms. Two of the 
factors tinge the whole flower, the third chiefly affects the 
standard producing marked bicoloured forms. 

3. Microscopical examination shows that one of the factors 
imparting a tinge to the whole flower, producing self-coloured 
forms, affects the sap only, tinging it deeply. The other similarly 
imparts to the sap a tinge which, however, is fainter and is also 
commonly associated with a few yellow plastids. The third factor, 
which chiefly affects the standard, is connected with the occurrence 
of large clusters of golden yellow plastids in the cells. 


* Bateson, W., Saunders, E. R., and Punnett, R. C., Reports to the Evolution 
Committee of the Royal Society, No. 11., 1905, pp. 85—88 and 94—95. 
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4. Thus deep or pale magenta sap colour is epistatic to scarlet 
or salmon sap colour. In addition, corresponding to another pair 
of characters, the magenta sap may be pure magenta or magenta 
tinged with yellow, and the salmon sap either pale or deep salmon. 
Finally, whatever the sap colour, the absence of yellow plastids is 
dominant to the occurrence of yellow plastids. 

5. There are thus between deep or pale magenta and deep 
scarlet or salmon a number of forms intermediate in yellowness. 
These may be collected into two categories, self-coloured and 
bicoloured. 

6. Each self-coloured form has a corresponding bicoloured 
form to which it is dominant, so that the forms may also be 
arranged in pairs. The difference between the members of a 
pair is that the self-coloured form has no yellow plastids, while 
the bicoloured form has numerous yellow plastids in its standard. 

7. Unless the flower has yellow plastid colour it does not 
“burn.” The two most deeply tinged self-coloured forms, pale 
scarlet and salmon pink, remain quite sun-proof. 

8. Only the forms with both a deep tinge in the sap and 
yellow plastid colour throw deep cream without pale cream, but 
the relations of the white and cream forms to the pinks are still 
not quite clear; in one anomalous family containing all grades of 
pinks all the uncoloured forms were deep cream. 

9. The red forms taken together stand to the pinks approxi- 
mately in the ratio of 9:7. It therefore appears that two factors 
are necessary to produce the intensification by which pink becomes 
red. 
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Colloidal form of Nastvogel’s Osazone. By H. J. H. FENTON, 
Se.D., F.R.S., Christ’s College, and W. A. R. WILKS, B.A,, 


Gonville and Caius College. 
[Read 28 November 1910.]} 


By the action of phenylhydrazine on dibromopyruvic acid, 

Nastvogel, in 1887, obtained the compound 
CH (N.HPh)-C(N.HPh)- COOH 

which he regarded as the “dihydrazone of glyoxal-carboxylic acid ”; 
evidently it also represents the osazone of hydroxypyruvic acid or 
of tartronic semi-aldehyde. Subsequently it has been shown that 
the same compound results from the action of phenylhydrazine on 
(1) the so-called hydroxypyruvie acid from collodion wool*; (2) the 
products of oxidation of glyceric acid or oxalacetic acid+ and 
(3) on mesoxalic semi-aldehydet. 

_ This osazone crystallises in beautiful orange-yellow prisms 
which are nearly insoluble in water but which dissolve easily in 
organic solvents or in alkalis. The same product may be obtained 
by boiling the phenylhydrazine salt of dihydroxymaleic acid with 
water§, but, under these conditions, the osazone remains, for the 
most part, in solution and the filtered liquid has all the characters 
of a colloidal solution. It is readily coagulated by minute quantities 
of electrolytes and, in an electric field, it moves to the anode. 
With electro-negative colloids, such as arsenious sulphide, it is not 
precipitated ; but with colloidal ferric hydroxide, a dark brown 
precipitate is obtained from which the osazone can scarcely be 
extracted by organic solvents. In its general characters therefore 
the solution behaves as a negative colloid of the suspensoid 
class. 

With metallic salts, the order of coagulative powers is in the 
direction indicated by Schultze’s rule, being greatest for trivalent 
and least for univalent kations. But the behaviour of acids is 
quite exceptional. 

It is now very generally recognised that the degree of ionisation 
of the electrolyte and the speed of the reactive ion are factors of 
importance in determining the coagulative power of an electrolyte||, 


* Will. Ber. 1891, 24, 400. 

+ Fenton and Jones, Trans. Chem. Soc., 1900, 72, and 1901, 98. 

t Fenton and Ryffel, ibid. 1902, 426. 

§ Fenton, loc. cit., 1905, 809. 

|| Compare, for example, Spring, Rec. Trav. Chim., 1900 (19), 204, and 
Freundlich, Zeit. Physikal. Chem. 1903 (44), 129. 
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but these factors usually appear to be of secondary importance in 
comparison with the valency of the reactive ion. Thus, although 
acids are more reactive than their salts with univalent metals, 
the coagulative powers are much of the same order. Freundlich, 
for example, found, for the quantities necessary to coagulate 
arsenious sulphide, the relative numbers 


NaCl NH,Cl HCl HBO BaCl, AICls 
(ley 59-1 49-9 42 0:96 0-13 
and Picton and Linder found, for sulphates, 


Na NH, H Ca Al 
1110. 7S 750). 2620-6 


In the present case the sensitiveness to hydrogen ions appears 
to be extraordinarily great; a solution of the osazone which is 
coagulated, for example, by a single drop of decinormal hydrochloric 
acid is unaffected, under similar conditions, by several drops of 
five times normal sodium chloride. A rough quantitative measure- 
ment indicated that the hydrogen ion is about 300 times as effective 
as the sodium ion. Even carbon dioxide when passed into the 
solution brings about immediate coagulation. 

The only explanation of this abnormality which suggests itself 
to the authors, is that a minute quantity of some basic substance 
(e.g. phenylhydrazine, resulting from hydrolysis of the original salt 
or aniline, from the oxidising action of phenylhydrazine in the 
osazone formation) may be present in the solution and may exert 
a “protective” influence which is removed on neutralisation by 
the acid. 
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Notes on Protein Hydrolysis. By F. W. Foremay, B.A., 
F.I.C., Gonville and Caius College. (Communicated by Professor 
Wood.) 

[Read 14 November 1910.] 


Every farmer must feed a considerable number of animals 
on his farm. For this purpose he grows certain foods—hay, straw, 
roots, ete. These are for the most part rich in carbohydrates, and 
relatively deficient in fat and protein. Hence the farmer finds 
it necessary to purchase concentrated feeding stuffs rich in fat 
and protein, in order to supplement his home grown foods. The 
proteins of many foods have been separated and hydrolysed, and 
their composition is very variable. It appears reasonable that 
a considerable economy in protein might be effected by purchasing 
feeding stuffs whose proteins were known to be rich in the groups 
in which the proteins of home grown foods are deficient. Before 
this ideal can be attained, it is necessary that the proteins of 
many more common feeding stuffs should be separated and 
hydrolysed. It was with this object that the hydrolysis of the 
protein of linseed was undertaken. 

The crude protein of linseed was separated by solution in 
0-2 per cent. potassium hydrate, from which it was precipitated 
by acidifying. After washing with water, alcohol, and ether, and 
drying, the protein was hydrolysed by boiling with hydrochloric 
acid in the usual way. The products of hydrolysis were separated 
by Fischer’s methods, when the following results were obtained. 


Per cent. 
COG INS loge ost clepins «Os hye eee present 
TUTTE RR? Sane eee See Ae 1:03 
\ Prd Se ee Dace IM a Seana Ree ae ee 12-71 
Leucine and Isoleucine ............... 3°97 
BE ROUUILG Sh cctaenictec stn. dau 2 = Seog t caeeas Sl 2°85 
Pinot st alpen hoe a cn aeons nace dats + 4°14 
MAMPI UG ACI) ete sn stase sok. vesoeee ta 1:65 
Citamimaie Acie Ws. [a8 Shae occ 11°58 
EGLO) (eee ost oc teetkscsombwce ot 328 present 
RyaORTIO NS BAe aiid vee alas 0-65 
Ale Unit as sess ative axes se tee eae 6:06 
Elastane; hs te 45014599552 atts sa. s28 1-66 
Dayeine f abscvee «84k Agios siseSee ates aa i219 
PATRI OMIA se so Ads sein 208 dae By» AAAI © 236 1:94 
PERV UO PDANG. » ..o:. 26) ps» ones sepece sees «sr present 

49-43 


During the investigation several points of general interest 
have been noted. 

1. It was found possible to separate practically the whole 
of the glutaminic acid as the hydrochloride by the following 
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procedure. The acid solution resulting from hydrolysis was 
cooled in ice and saturated with hydrochloric acid in the usual 
way. It was then kept in an ice chest and from time to time 
cooled in a freezing mixture until no more crystals separated. This 
treatment was continued for 9 days, when 11°4 per cent. of glutaminic 
acid was separated and only 0:2 per cent. subsequently found. 

2. The percentage of valine is very high, 127 per cent. 
No other protein, so far as the author is aware, has been shown 
to yield more than 2 per cent. The valine was separated from 
leucine by the method of Levene* and van Slyke. It appears 
probable that many valine and leucine figures will be found to 
need revision when this method has been more widely applied. 

3. The percentage of tyrosine in linseed protein appears 
to be very low. It is noteworthy however that determinations 
of tyrosine in the same protein by different workers often differ 
very widely. From this it may be concluded that the usual 
method of separating tyrosine by crystallisation is unsatisfactory. 

In attempting to prepare lead salts from a mixture of amino- 
acids resulting from hydrolysis of casein, the author obtained 
a precipitate which proved to be a basic lead salt of tyrosine. 
This precipitate was obtained in three fractions, the first by 
addition of basic lead acetate to a faintly ammoniacal solution, 
the second by further addition of ammonia, the third by addition 
of much alcohol. On removing the lead from each fraction by 
sulphuretted hydrogen, practically pure tyrosine crystals were 
obtained. 

A further quantity was made by adding basic lead acetate 
to a faintly ammoniacal solution of pure tyrosine. 11973 gms. 
pure tyrosine was dissolved in the Jeast possible quantity of water 
containing 1°5 c.c. strong ammonia. Saturated basic lead acetate 
solution was added slowly to the hot liquid as long as any 
precipitate was obtained. The flocculent precipitate was at once 
filtered, washed with alcohol, and finally with ether, and dried. 

On analysis the substance was found to contain 2°44 per cent. 
N, and 61°98 per cent. Pb. These figures correspond to the 
formula 2Pb(C,H,,NO,),.5Pb(OH),, which should contain 2°39 per 
cent. N, and 61°95 per cent. Pb. 

From the mother liquor, further small amounts of lead salt 
separated on cooling and on addition of alcohol. The total weight 
of lead salt obtained was 3:251 gms., containing ‘0803 gm. N. 
The original tyrosine contained 7°70 per cent. N, ='0922 gm. N. 
Hence 87 per cent. of the N of the tyrosine was recovered in the 
basic lead salt. This subject is being further investigated in the 
hope that it may provide a more satisfactory method of estimating 
tyrosine in products of hydrolysis. 


* Journal of Biological Chemistry, vol. v1. 1909, p. 391. 
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The Discharge of positive electricity from Sodium Phosphate 
heated in different gases. By FRANK Horton, M.A., St John’s 
College. 


[Read 28 November 1910.] 


As the result of a recent spectroscopic investigation of the 
products formed when an electric discharge is sent from aluminium 
phosphate heated in a vacuum to a surrounding electrode, the 
author came to the conclusion that the carriers of positive 
electricity from that salt were molecules of carbon monoxide 
gas*. This conclusion was based on the facts that carbon mon- 
oxide gas was always produced in the apparatus, and that its 
molecular mass corresponds with that required by the determina- 
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tions of — for the carriers of positive electricity from various 
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solids when heated. 

The number of substances upon which experiments have been 
made has quite recently been largely increased by Richardson 
and Hulbirt}, who have used materials of widely differing pro- 


: ‘ é 
perties and atomic weights and find that the value of — for the 


positive ions is in all cases about the same as that first found by 
Sir J. J. Thomson, when experimenting with an iron wire heated 
in a vacuum. Assuming that the charge e is the same as that 
carried by the hydrogen atom in electrolysis, the mean value 
of m determined by Richardson and Hulbirt from observations 
with 15 substances is 25:3, a number which, considering the 
difficulties of the experiments, is in good agreement with the 
molecular weight of carbon monoxide (27°9). 

Richardson holds a different view of the nature of these ions. 
He considers that they are atoms of sodium arising from impurities 
present in the substances used as the anodes in the various experi- 
ments. He states{: “It is probable that traces of carbon mon- 
oxide are always present when a metal is heated in a vacuum in 
the kind of apparatus used in the present experiments, but it 
is difficult to see why practically all the ionization should be due 
to this gas in the case of all the substances investigated.” In the 
paper already referred to, the author has pointed out that it is not 
necessary for the carbon monoxide to be produced in the first 
instance from the heated anode. If it is present in the apparatus, 


* Proc. Roy. Soc., A. vol. uxxxiv. 1910. 
+ Phil. Mag., vi. vol. xx. p. 545, 1910. 
t Phil. Mag., vi. vol. xx. p. 558, 1910. 
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it may act as the positive ion, for the spectroscope gives ample 
evidence that in vacuum tubes at low pressures the positive ion 
is usually CO, the spectrum of which often masks that of other 
gases which are known to be present. It was thought desirable 
to test whether the positive leak from a glowing solid was greater 
in carbon monoxide than in air or other gases, as would be expected 
if it acts as the positive ion. 

In the experiments with aluminium phosphate, the positive 
leak was thought to be due to the phosphorus contained by the 
salt, which in this compound can be raised to a high temperature. 
With a view to seeing whether this were so, experiments are being 
made to compare the positive leak from different phosphates 
under similar conditions. Sodium phosphate was used in the 
experiments described in this paper, which were conducted in 
the following manner. 

The anode consists of a strip of platinum foil about 2 cms. 
long and 3 mm. wide, which can be heated by means of an electric 
current. Its temperature can be obtained by a thermocouple 
consisting of two fine wires of platinum and _ platinum-rhodium 
fused together at one end, the junction being just welded on to 
the centre of one side of the platinum strip. Before being finally 
placed in the apparatus, the platinum strip was very carefully 
cleaned by boiling in nitric acid and heating in air, and then 
covered with a layer of sodium phosphate by evaporating a water 
solution of that salt upon it. When in position the strip was 
situated vertically in a discharge tube between two parallel plati- 
num plates which together formed the negative electrode. These 
plates were each about three times the area of the strip and were 
placed about one centimetre apart at equal distances on either 
side of it. The whole apparatus was most carefully cleaned out 
with hot chromic and nitric acids before the strip was finally 
placed in position. There was no wax or grease in the discharge 
tube; the platinum strip fitted into position with a well-made 
ground glass joint having a mercury seal. This apparatus was 
connected to a mercury pump and McLeod gauge through a 
phosphorus pentoxide drying bulb. Different gases could be 
introduced into the pump through glass stop-cocks after drying 
over phosphorus pentoxide. The gases used in the present experi- 
ments were air, oxygen, carbon monoxide, and hydrogen. 

After fitting the anode into position in the discharge tube, the 
gas pressure in the apparatus was reduced to about ‘05 mm. of 
mercury, and preliminary observations were made to decide upon 
a suitable temperature at which to make comparisons of the 
thermionic currents in different gases. These currents were 
measured by means of a Nalder galvanometer giving a deflexion 
of 1 scale division for a current of 7:99 x10-° ampere. This 
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could be shunted for measuring larger currents. With the pres- 
sure ‘05 mm. it was found that a current could be detected when 
the anode was heated toabout 400°C. The current then increased 
rapidly with the temperature in the exponential manner which 
has been found to hold for the positive leak from other substances. 

As is usually the case for the positive leak from heated sub- 
stances, it was found that on first heating, if the temperature was 
kept steady, the current rapidly decreased with time. When it had 
attained a fairly steady value, it was thought desirable to rid the 
apparatus as completely as possible of traces of carbon monoxide 
gas by gently heating the glass walls and repeatedly washing out 
with pure dry oxygen. The oxygen used was prepared by the 
electrolysis of a strong solution of pure barium hydrate in distilled 
water, and was dried over phosphorus pentoxide for about 16 hours 
before being introduced into the apparatus. 

On testing the positive leak in oxygen, it was found to be 
of about the same magnitude as that in air at the same tempera- 
ture and pressure. It still decreased with time, but at a slower 
rate than at first. A series of observations of the leak under 
different potential differences was made with the anode at various 
temperatures. This was done with both increasing and de- 
creasing voltages in order to eliminate the time etfect. The 
results obtained were similar to those given by Richardson* for 
platinum, and showed that the potential difference required for 
saturation at any given pressure depends on the temperature of 
the anode. For instance, with a pressure of about ‘2 mm. of 
oxygen, it was found that a saturation current could be obtained 
with 10 volts at 720°C. At 850° C. 24 volts were needed, while 
at 920° C. 40 volts were required to saturate. 

The behaviour in oxygen was sometimes irregular. On one 
occasion this gas was left in the apparatus at a pressure of 
184mm. overnight. The next morning the gas pressure had 
decreased to ‘177 mm., and the saturation current at 700° C. began 
at about 10 times the value it had the night before. However, it 
decreased rapidly and in about 10 minutes was steady at about 
one-half the value which it had on the previous evening. The 
pressure meanwhile had risen to 180 mm., which seems to show 
that oxygen had been absorbed by the anode during the night 
and driven out again on heating, and that the increased leak 
obtained was probably due to this cause. 

When the positive leak in oxygen had become fairly steady, 
a series of observations of the saturation current with the anode 
at 800° C. was taken at different pressures, for comparison with 
similar series for other gases. At this temperature a potential 
' difference of 40 volts was found to produce saturation at all the 
* Phil. Trans., A. vol. ccvit. p. 8. 
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pressures used in these experiments. 800° C. was chosen as the 
standard temperature for these comparisons for the following 
reasons : 

(1) The thermionic current at this temperature is large 
enough to be measured accurately. 

(2) The gradual diminution of the current with time (which 
was still going on, though slowly) is much less rapid at this 
temperature than at higher temperatures. 

(83) In making a long series of observations, it is best to work 
at as low a temperature as possible, because at high temperatures 
the platinum strip becomes gradually thinner by sputtering, and 
this usually takes place in such a way as to spoil the uniformity 
of the electrical resistance of the strip, so that after a time the 
thermo-junction may no longer be at the hottest point, and in 
adjusting the thermo-electric current to the same value, the 
temperature of other parts of the strip may be much higher. As 
the thermionic current increases so rapidly with the temperature, 
this would entirely vitiate the results obtained. In working with 
lime-covered platinum cathodes, the author found that reliable 
comparisons of the kind to be effected here could only be obtained 
by working as rapidly as possible, and by using temperatures 
which were not too high. 

In the series of observations at the standard temperature in 
different gases, the results of which are about to be given, the 
thermionic current at the highest pressure was first observed. 
When this had been at a steady value for a few minutes, the 
heating current was cut off from the anode, and the gas pressure 
in the apparatus was reduced. The anode was then raised to 
800° C., and the positive leak again measured when it became 
steady—usually in the course of a minute or two. These opera- 
tions were repeated until the pressure had been gradually reduced 
to a very low value. It should be mentioned that, if the tempera- 
ture had been inadvertently raised too high (above 800° C.), the 
leak at 800° C. was, at first, greater than the normal value and 
took some time to fall to the steady condition. An effect of this 
nature has been observed by Richardson* with the positive leak 
from platinum in oxygen. He attributes it to the warming of 
the walls of the discharge tube, but I do not think it is due to 
that cause. 


The positive leak in oxygen. 


The observations of the saturation current in oxygen gas at 
gradually diminishing pressures have been plotted against the 


* Loc. cit., pp. 13 and 21. 
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corresponding pressures in Curve I, It will be seen that, as the 
pressure is reduced, the thermionic current rises to a maximum 
value at between 2 and 3mm. pressure, after which it decreases 
very rapidly. When the observation at the lowest pressure had 
been taken, more oxygen was admitted to a pressure of about 
‘5mm., and the positive leak was found to increase to the value 
it had at this pressure, when the pressure was being gradually 
reduced. There was a slight tendency for this leak to increase 
with time, but the fact that it was the same as before shows that 
the leak in oxygen had become fairly steady, and that the variation 
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Curve I. 


of the current with the pressure of the gas is accurately repre- 
sented by the curve. 

The appearance of this curve at first seems to suggest that 
ionisation by collisions is coming in. It is very similar in form to 
that obtained by H. A. Wilson* for the negative leak from hot 
platinum in air under a potential difference of 250 volts. That 
curve is completely explained by Wilson on the assumptions that 
the rate of evolution of negative ions from the surface of the 
platinum is independent of the gas pressure, and that these ions 
produce others by collisions with the gas molecules when moving 
under the influence of the large electric intensity used in the 
_ experiment. An explanation on similar lines cannot be applied 


* Phil. Trans., A. vol. cctt. p. 254, 1903. 
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to the case of the positive leak in oxygen, for we are here dealing 
with the large positive ions, and moreover the electrical force used 
was very small, the current-electromotive force curves having 
shown that at all the pressures at which observations were made 
the saturation current was attained with 40 volts. 

In a recent paper on the positive leak from heated aluminium 
phosphate, Garrett* gives curves connecting the current and gas 
pressure, which are of similar shape to Curve I. He finds that 
the pressure of maximum leak is greater the lower the temperature 
of the anode, but from his curves it would appear that with the 
anode at 800° C., the maximum leak in air or in carbonic acid gas 
would be obtained at a pressure of between 20 and 30 mm. 
Garrett explains the peculiar manner in which the current varies 
with the pressure, by supposing that neutral doublets are driven 
off when the salt is heated, and that the current is due to the 
breaking up of these doublets on collision with the gaseous 
molecules. 

In the experiments described in the present paper, no current 
could be detected by the galvanometer when the heated phosphate 
was charged negatively, and this forms a serious objection to the 
doublet theory, for we should not expect the expulsion of neutral 
doublets to be controlled by the direction of the electric field. 
Garrett was able to detect a small negative leak, but he was 
working at much higher temperatures than that used in the 
present investigations. He was also able to detect the presence | 
of neutral doublets, but the number of these ejected from the hot 
salt would appear to be insufficient to account for the large 
increase in the thermionic current at certain pressures. 


The positive leak in carbon monoxide. 


After the experiments with oxygen, the apparatus was pumped 
out as completely as possible and carbon monoxide gas was 
admitted. This gas was prepared by heating pure crystallised 
potassium ferrocyanide with pure sulphuric acid. It was dried 
over phosphorus pentoxide before being admitted to the apparatus. 
The saturation current with the anode at 800° C. was at first 
larger than the leak in oxygen under the same conditions. It 
rapidly increased with time, as may be seen from the following 
figures : 

Time 5.28 5.30 5.383 5.35 5.37 

Galvanometer deflexions 242 270 356 393 426 

The shunt of the galvanometer had then to be altered. When 

this had been done, it was found that the leak had become steady. 


* Phil. Mag., vi. vol. xx. p. 573, 1910. 
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A series of observations at different pressures was therefore at 
once taken. Each observation took a minute or two, and the 
currents were found to be steady over this interval of time. The 
current-pressure curve obtained was similar in form to Curve II, 
which represents the result of a second series of observations taken 
over a rather larger range of pressure. On the day following the 
first series of observations, it was found that the positive leak 
at the lowest pressure of the night before had decreased somewhat 
and there was a slight tendency to decrease with time. 

More dry carbon monoxide was admitted to the apparatus to a 
pressure of about 23 mm., and the observations at gradually 
diminishing pressures were repeated. On first testing the leak 
at 23 mm. pressure it was found to increase slowly with time 
—from 18 to 32 scale divisions in 19 minutes. After this it was 
fairly steady, and remained so during the short time of each of 
the succeeding observations. In Curve II, the galvanometer 
deflexions are plotted against the corresponding pressures. This 
curve is of the same type as that obtained with oxygen, and shows 
a pressure of maximum leak at about 2 mm. 


Positive leak, scale divisions. 


Pressure of carbon monoxide, mm. 


Curve II. 


With the anode at 800° C., in carbon monoxide gas, it was 

found that the thermionic current was saturated 

with 20 volts at a pressure of ‘06 mm., 

with 30 volts at a pressure of 3°5 mm., 

with 40 volts at a pressure of 20 mm. 
No negative leak could be detected by the galvanometer with 
160 volts P.D., even when the phosphate was heated to 900° C. 
at a low pressure. 


The positive leak in hydrogen. 


The apparatus was next pumped out as completely as possible, 
and then washed out by repeated fillings with pure dry oxygen. 
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The positive leak in this gas was again tested before filling the 
apparatus with hydrogen. With oxygen at a pressure of 8 mm., 
the temperature of the anode was adjusted to 800° C. The 
thermionic current commenced at a much smaller value than it 
had in this gas when tested before the observations in carbon 
monoxide, and it decreased as time went on. This will be seen 
from the following figures: 


Time 3.23 3.26 3.32 3.36 3.37 3.39 3.41 3.46 3.49 3.52 
Galvanometer defiexions 68 54. 53 43 40 38 40 3D oe 32 


Observations at two or three pressures were taken in oxygen 
after the leak had become steady. After leaving the apparatus 
overnight at a low pressure, the same value of the current was 
obtained at this pressure on the following day. The anode was 
therefore taken as being in a steady state. The remaining oxygen 
was pumped out as completely as possible, and pure dry hydrogen 
was admitted. At once a much larger positive leak than had yet 
been measured was obtained. This was fairly steady for a few 
minutes, and so a series of observations at different pressures was 
at once taken. The leak was found to diminish gradually with 
the pressure, as that was reduced from 8 mm. to 0°005 mm. 
There was no sign of a maximum current at 2 or 3 mm. pressure, 
as was obtained with oxygen and with carbon monoxide. It was 
thought that this might perhaps be due to a decrease in the 
current with time, although the leak at each pressure seemed 
fairly steady. The pressure was therefore finally increased to 
1-4 mm., and it was found that the thermionic current was now 
of the same value as at this pressure when the pressure was being 
reduced, so that it seems that the gradual decrease with the 
pressure is a genuine effect. 

On testing the leak on the following day at this pressure 
it was found to be a little larger (49 scale divisions instead of 43), 
but on taking a series of observations of the variation of the leak 
with time, it was found to fall off gradually to about 4 value in 
30 minutes. At the same time the gas pressure in the apparatus 
decreased from 1°428 mm. to 1404 mm., but the decrease in the 
positive leak was much more than could be accounted for by this 
slight decrease in the pressure. 

More hydrogen gas to a pressure of 20 mm. was then passed 
into the apparatus. With the anode at 800° C. the thermionic 
current was the same as the steady current finally obtained at 
the lower pressure of 1-4 mm., referred to above. However, it was 
not steady at this value, but was decreasing rapidly. It continued 
to decrease for about an hour when it became fairly steady at 
about 4 of the value first obtained. Experiments showed that 
the p.D. of 40 volts used saturated the current at this pressure. 
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Another set of observations at decreasing pressures was then 
taken and the results of these are plotted in the accompanying 
Curve III, which is similar to that given by the first series of 
observations with hydrogen. From this curve it will be seen that 
between 20 mm. pressure and a high vacuum there is no sign of 
the positive leak going through a maximum value. 
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Curve III. 


After these observations the pressure of hydrogen was again 
increased and another similar curve was obtained, but the leak 
at each pressure was now somewhat less than that shown in 
Curve III. When the pressure was increased from ‘008 mm. to 
12 mm., for the purpose of taking these observations, the positive 
leak began at 125 scale divisions. In about 5 minutes it had 
increased to 136 divisions, and was then fairly steady. The 
apparatus was left at this pressure overnight, and on testing on 
the following day the current began at 128 scale divisions, and 
slowly increased in the course of half an hour to 146 divisions, at 
which it remained constant for several minutes. The series of 
observations at gradually diminishing pressures was then taken. 
At each pressure the current was fairly steady, but it was some- 
times found that the leak would suddenly increase to double or 
treble its normal value, and then slowly return to the value it had 
before the disturbance. I think these disturbances are due to a 
sudden evolution of ionised gas from inside the anode caused by 
a crack appearing on its surface. Richardson noticed that the 
surface of a platinum wire becomes pitted and cracked after 
heating for a long time in hydrogen, but this effect was not 
produced by heating in oxygen. 

It is well known that the presence of hydrogen greatly 
increases the negative leak from heated solids, but even in this 
' gas with the platinum strip at 800° C. I was unable to detect any 
negative leak with the Nalder galvanometer. 
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Further observations of the positive leak im oxygen. 


When the experiments with hydrogen were completed, the gas 
was pumped out of the apparatus, and oxygen was admitted to a 
pressure of about 16°55 mm. The leak in oxygen was smaller than 
before, and much smaller than the leak in hydrogen. It decreased 
rapidly when the anode was kept at 800°C. for some time; the 
decrease in the first half hour will be seen from the following 
numbers: 


Time 3.40 3.47 3.53 3.56 3.58 4.3 4.5 
Galvanometer defiexions 33 29 25 22 20 18 17 


When the current had become fairly steady, observations at 
various pressures were again taken. The results of these are 
plotted in Curve IV. It will be seen that the leak still had a 
maximum value at between 2 and 3 mm. pressure, though the 
increase is not nearly so marked as in earlier observations with 
this gas. 


Pos, leak, scale div. 


Pressure of oxygen, mm. 
Curve IV. 


On the following day the observations were repeated and a 
similar curve obtained, but the current at each pressure was now 
only about one-half the corresponding value from Curve IV. The 
leak, however, now seemed to be quite constant, and on increasing 
the pressure again, and repeating the observations, the same 
values of the current were obtained. On leaving the apparatus 
for a day and then retesting, the leak was still found to be steady 
at about the same value. 


Summary of the different results. 


The following table contains the saturation thermionic currents 
at various pressures of the different gases used, in the order in 
which the observations were taken. The values at each pressure 
were obtained by reading from the curves drawn from the results 
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The final values of the positive leak in oxygen and in 
hydrogen, given in the table, seem to indicate that the leak had 
been gradually decreasing with time all through the series of 
observations, which occupied about six weeks. I believe that 
this decrease is largely due to the phosphate being gradually 
removed from the surface of the platinum strip, partly perhaps 
by sputtering, and partly by the continual bending backwards 
and forwards which the strip undergoes when it is alternately 
heated and cooled. That the phosphate was gradually dis- 
appearing appears to be indicated by the altered form of the 
current-pressure curve in oxygen. Although a pressure of 
maximum leak is still noticeable at between 2 and 3 mm. in 
Curve IV, it is much less marked than in Curve I. Neither 
H. A. Wilson nor Richardson obtained this maximum in their 
experiments with platinum, so that it would seem to be an effect 
of the phosphate used in the present experiments. This is also 
borne out by the fact that Garrett obtained similar results with 
aluminium phosphate. 

It will be observed from the table that heating in carbon 
monoxide, and also in hydrogen, had the effect of greatly reducing 
the positive leak in oxygen. That hydrogen had a large effect in 
increasing the positive leak from platinum and from palladium 
was observed by H. A. Wilson*, who also found that the leak fell 
away very rapidly with time. A similar effect was obtained by 
Richardson+ for platinum, and he too found that heating in 
hydrogen produced a diminution in the steady positive leak in 
oxygen. 

In Richardson’s experiments with platinum he found that the 
positive leak in hydrogen gradually diminished until it was much 
smaller than that in oxygen. This was not the case in the present 
experiments, for it will be seen from the table that, even after the 
leak in hydrogen had been reduced to a very small value, it was 
much further reduced by pumping out the gas and admitting 
oxygen to the apparatus. 

On changing the gas in the apparatus from carbon monoxide 
to oxygen, or from hydrogen to oxygen, the positive leak always 
began at more than the normal value for the latter gas, and 
gradually decreased as the more active gas diffused out of the 
anode. On the other hand, on substituting carbon monoxide for 
oxygen, the leak at first gradually increased with time as the 
carbon monoxide diffused into the heated phosphate. In the case 
of the change from oxygen to hydrogen, this rate of increase was 
probably so rapid that the condition of equilibrium was reached 


* Phil. Trans., A. vol. ccm. p. 243, 1903. 
+ Phil. Trans., A. vol. ccvm. p. 44, 1906. 
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before the galvanometer could be adjusted for measuring the 
largely increased current. 

These experiments show that the surrounding gas has a 
considerable effect on the positive leak from sodium phosphate, 
and the gradual increase or decrease in this leak which occurs on 
changing one gas for another, seems to indicate that it is not a 
case of the presence of the gas helping or hindering the escape of 
ions from the surface of the anode, but that the gas molecules 
themselves diffuse into the anode and take an active part in 
earrying the current from its surface. — 
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On the Magnetic Susceptibilities of Certain Compounds. By 
A. E. OxLey, Trinity College. (Communicated by Prof. Sir J. J. 
Thomson, F.R.S.) 


[Received 17 December 1910. ] 


1. The following investigation is confined to the compounds 
potassium ferrocyanide, potassium ferricyanide, and the carbonyls 
of iron and nickel. Some years ago Prof. J.S. Townsend* showed 
that the magnetic susceptibilities of the ordinary ferrous and ferric 
salts in solution were accurately proportional to the amount of iron 
contained in one c.c. of the solution, and that for all these salts the 
ratio of the susceptibility of ferric iron to that of ferrous iron was 
constant. But solutions of the double salts potassium ferrocyanide 
and potassium ferricyanide in water had diamagnetic susceptibili- 
ties which, according to Townsend, were indistinguishable from 
the value for pure water. It was considered necessary to rein- 
vestigate the two double cyanides, using a more delicate means of 
determination, and it was hoped that a determination of the 
susceptibilities of the carbonyls+ would throw some light on the 
character of the metallic atoms which enter into their constitution. 
Since only small quantities of the carbonyls were available and 
also on account of their peculiar properties, the method briefly 
described in the following pages was adopted. This method is 
a modification of the one used by the late Prof. Curiet, which 
consists in measuring by torsion the extent of the displacement 
which the substance under investigation experiences when placed 
in a strong magnetic field. 


2. General outline of method and apparatus. A small 
quantity of the substance to be examined was placed in a glass 
phial, which was suspended from one point of a torsion arm. The 
phial and its contents were subjected to the field of a du Bois 
electromagnet, and the consequent displacement of the phial 
measured by a double suspension mirror attached to the end of 
the torsion arm remote from the phial. To prevent disturbances 
due to air currents it was necessary to surround the torsion arm 
and double suspension mirror as completely as possible by a metal 
box. This box was rigidly fastened to a brass carrier (provided 
with a screw motion) which slid upon rails. Thus it was easy to 
take the phial out of the field and also to adjust its position when 
in the field. For each determination the phial was brought to the 

* J. S. Townsend, Phil. Trans., A. 1896, p. 533. 

+ These have already been shown to behave diamagnetically by Sir J. Dewar 


and H. O. Jones, Proc. Roy. Soc. 
+ Curie, Annales de Chim. et de Phys., Sér. ym. 5, 1895. 
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same position in the field, and by a preliminary series of observa- 
tions this position was the one for which the effect on the phial 
was a maximum. Observations consisted in taking readings of 
the deflections produced when a known magnetic field was applied, 
then by a comparison of these deflections for different substances 
for the same field intensity, the susceptibility could be found, 
assuming a knowledge of the susceptibilities of air and water. 


3. Details of the apparatus. 


(a) The electromagnet. A sufficiently strong field could be 
obtained using flat pole pieces. The amount of residual magnetism 
was determined by means of a Grassot fluxmeter and was found 


to be negligibly small. 


(8) The torsion arm. This was supported by a quartz fibre 
attached at the point A. It was necessary to preserve equilibrium of 
the torsion arm, since the masses under investigation were different, 
and this was done by means of a rider which could be slid along 
the portion BC of the arm. 


L 


To |\mirror and 


4 dashh at. 


Fig. 1. 


(y) Stage provided with a three-dimensional adjustment for 
adjusting the double suspension mirror. 

(8) The metal box enclosing the torsion arm was provided 
with two windows, one for observing the position of the rider, and 
the other for viewing the mirror. The latter window was made of 
a thin sheet of mica. A means of resting the torsion arm so as to 
preserve the quartz fibre when the phial was being replaced was 
provided by the rod DE carrying two cranks, which came up from 
below as the rod was rotated and slightly raised the arm. The 
rider could be moved from outside by aid of the rod FG, just as 
for a balance with rider. 
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(e) The phials. These consisted of glass bulbs, varying in 
capacity from 1 to 13 c.c., and were of two kinds, (a) for liquids, 
(b) for solids. 

(a) (b) 


al 


Fig. 2. 


The phials (a) were provided with inlet and outlet tubes of 
fine bore, the outer diameter of the tubes being about 2mm. The 
small internal diameter of the inlet and outlet tubes allowed only the 
minimum contact of the substance under investigation with the 
air—a precaution necessary in working with nickel carbonyl. The 
stoppers consisted of short pieces of indiarubber tubing closed by 
glass plugs. By this device the bulbs could be thoroughly cleaned 
and easily filled. To fill the phial the stopper was removed and 
the liquid drawn into the bulb. By tilting the bulb shghtly the 
liquid ran out of the shorter limb and the stopper was placed in 
position. The liquid in the longer limb was removed by means of 
a fine capillary tube. In this way it was possible to obtain 
a sphere of the liquid under investigation. 


(b) The phials for use with solids. 
The solid was introduced through the hole H. 
4. Ifa body of mass M, specific susceptibility y, be placed in 
a field of intensity H the potential energy is 
W=-4My &. 
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Hence the force in any direction r is 


aw oH 
F=-[~=MyHE. 


If the centre of the phial be on the same level as the centres of 
the pole pieces, and if Y, X be the forces along and perpendicular 
to the axis, then 


SH goers, 
X= My (He eae =). 
i ue eee 
Y= My (H. ae ae 


H,,, H, being the components of field intensity along the direc- 
tions of X and Y respectively. For the symmetrical position of 


Curie, H, is small, also * is small. 
Hence X = My H, a 


No displacement was produced in the direction of Y because 
the resistance to motion is great. The position of the phial for 
which the force X was a maximum was found to be nearly constant 
for the range of field used in the experiments. In the following 
table a is the current in amperes, b the position of phial (on a 
fixed scale) when the deflection was a maximum, D is the deflec- 
tion of the phial in scale divisions, and ¢ is the temperature. 


ste 

| 7-25 | 2886 Ta 78 | 
799 | 2987-1 | 1843 | 178 | 

8:57 | 2886 | 1995 | 17°8 

| 923 | 287-1 | 214-4 | 178 

1000 | 2886 | 228-0 | 17°8 | 


The mean position 287°8 was the one to which all phials were 
brought, the effect being a maximum then, and error due to dis- 
placement a minimum. 

Let d, be the deflection due to phial alone. 

‘ s 3 2 »  phial and water. 
»  phial and liquid. 

Let Ae be the specific susceptibility of air. 

oe ae ;. e. water. 
y X »” ”» ” liquid. 
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Now X = My H, ee 


Also X = pd, where d is the deflection and p* is some constant. 
Hence we have 


OH, 
P (d,— d,) = (Xo Mo — Xa Ma) Hy — Rs (a), 
oH, 
B (dy — ) = (XM Xq Mg) Hy SY ooesvvvveen (8), 


where M is the mass of the liquid taken, M, the mass of air which 
fills the same volume; mm, is the mass of the air which fills the 
volume m,, occupied by the water. 

Now if for each of the observations the current be kept con- 
stant, then since there is no appreciable residual magnetism the 


Sat will be constant. Hence, 


field will keep constant, ie. H, g 
dividing (8) by (a), 
ds — dy 
XM = Xa Ma + (Xo Me — Xa Ma) Sve eee (ry). 
dy — d, 


Water, which had been distilled four times, was used as the 
calibration liquid, and a sufficiently large deflection could be 
obtained with one c.c. In the reductions, the susceptibility of air 
per unit volume was taken to be + 0°25 x 10~ and the specific 
susceptibility of water as — 7°5 x 107. 

Preliminary experiments. Several preliminary experiments 
were made on Toluene, Benzene, Amy! alcohol, and Cymene. 
Below the results are compared with the values of the specific 
susceptibility given by Pascal +. 


Liquid PP es 2 —107x (Pascal) | 

| | 

Toluene 7°60 7°65 | 

Benzene 7:38 741 | 

Amy] alcohol 8°36 8:43 
Cymene 8:15 8-08 


The iron carbonyl, Fe(CO);. The weight of iron carbonyl 
taken was 0°6207 gram. The weighing and determination were 
carried out as rapidly as possible and in a feeble light to avoid 
decomposition. The observations were made at a temperature of 


* This is only true if the deflection of the torsion arm is small, which was 
always the case. 
t Pascal, Annales de Chim. et de Phys., Sér. vt. 19, 1910. 
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19°C., for which temperature the density of iron carbonyl is 
1462. Using the relation (vy), the value of the specific suscepti- 
bility of iron carbonyl is found to be 


x =— 4:00 x 1077 
at 19°C. 


The nickel carbonyl, Ni(CO),. The carbonyl was first dis- 
tilled at about 40°C. to remove traces of water, the distillation 
being carried out in an atmosphere of carbon dioxide. After 
distillation the receiver was corked up and the determination of 
the susceptibility proceeded with immediately. The weight of 
nickel carbonyl taken was 0°8914 gram*. Taking the density as 
1:356 at 19° C., we find from (y) that 


vy =— 481 x 107 
at 19°C. 

The double cyanides of tron and potassium. One or two large 
crystals of the salt were placed in a phial of the type (b) and the 
determination proceeded with as in the case for liquids. The 
specific susceptibility of potassiwm ferrocyanide was found to be 


y= — 423 x 107. 


The weight of crystals was 1:0621 grams, and their density was 
taken as 1°830. 
For potassium ferricyanide the specific susceptibility was found 
to be 
x =+ 93°83 x 107. 


Weight of crystal was 0:2165 gram and density was taken as 
1°822. 

It is clear from these results that iron in the acid radical 
behaves very differently from basic iron, but still there is some 
fundamental difference between these two similarly constituted 
salts which is marked by their widely different magnetic pro- 
perties. It should be remembered thatthe specific susceptibility 
of potassium is + 442 x 10~’, and therefore the presence of the 
potassium groups in the compounds is of primary importance, and 
possibly of more importance than the iron atoms, so far as the 
magnitude of the paramagnetic susceptibility is concerned. Now 
potassium’ ferricyanide crystallises in the anhydrous state while 
potassium ferrocyanide crystallises with three molecules of water. 
Further, by considering the conductivity of a solution of potassium 
ferrocyanide in water Jones and Bassettt have shown that the 


* This was the mean of the weights before and after the determination which 
were slightly different, probably due to evaporation. 
+ Jones and Bassett, American Chemical Journal, vol. xxxty. 1905. 
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dissociation of potassium ferrocyanide takes place according to the 
reaction 


++ 4+ - 
K, Fe (CN), < K, K, K, CN, CN, CN, kK Fe (CN), 


and comparing the conductivity of a solution of potassium ferri- 
cyanide with the values obtained for the ferrocyanide they con- 
cluded that potassium pa) dissociates thus: 


K, Fe(CN), 2 K, CN, K CN, & Fe (CN),. 


The following explanation of the values found for the suscepti- 
bility is tentative. If we attach a divalent element or group of 
elements to an iron atom to form a ferrous salt, then the suscepti- 
bility immediately falls to a much smaller order of magnitude. 
We may perhaps picture this as due to the withdrawal of one or 
more corpuscles from the iron atom by the chemical union. In 
an atom possessing a resultant magnetic moment we probably 
have two systems of corpuscles revolving in opposite directions, 
and the resultant moment is due to the excess of the moment due 
to one system over that due to the other. If the corpuscle which 
is held up by the chemical union belonged to the system possess- 
ing the greater number of corpuscles, then chemical combination 
would reduce the resultant magnetic moment, which is essential 
for paramagnetism ; and consequently the paramagnetic suscepti- 
bility would fall. Thus in the case of potassium ferricyanide in 
the solid state, part of the paramagnetic susceptibility would be 
due to the potassium and part due to the group Fe(CN),. We 
know that if a salt be dissolved in water the ions produced 
become associated with water molecules and each ion becomes 
loaded up so to speak to an unknown extent. Hence when 


+ 
potassium ferricyanide is dissolved in water the K ions become 
associated with an unknown number of water molecules and so do 


both of the other ions CN, and Fe(CN),. Since paramagnetism 
depends upon the facility of orientation of the molecular axes, this 
association effect will tend to reduce paramagnetism; for the 
resultant magnetic moment is not increased (and is probably 
much reduced) by the association, therefore the controlling force 
is not increased while the system to be orientated has a greater 
inertia. 

If we regard the effect produced by water of crystallisation as 
similar to that produced by the solvent water described above, 
then we not only see why there is very little change produced in 
the specific susceptibility of potassium ferrocyanide crystals when 
they are dissolved in water, but we also see why two similarly 


_ 
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constituted solid salts as the two double cyanides of iron and 
potassium possess so widely different magnetic susceptibilities. 
The difference is attributed to the molecules of water of crystallisa- 
tion on this view. 

In a similar manner the apparent high valency of iron and 
nickel in the carbonyls Fe (CO), and Ni (CO), would be indicative 
of a low susceptibility and high degree of chemical instability. 

It is just conceivable, however, that since paramagnetism and 
diamagnetism are of a totally different nature, the small suscepti- 
bilities found by experiment might be due to two larger suscepti- 
bilities of a para- and diamagnetic nature superposed. This could 
be tested by aid of Langevin’s* theory, according to which para- 
magnetism varies with the temperature while diamagnetism does 
not. The experiments described above were therefore repeated 
and the susceptibilities determined for several temperatures over 
a range of temperature of about 80°C. On account of the low 
boiling point of nickel carbonyl (43° C.) it was decided to work at 
temperatures below that of the atmosphere, and the range of 
temperature was from +15°C. to —60°C. The phial was sur- 
rounded by a thin-walled glass tube sealed at the lower end, and 
outside this was a Dewar flask containing petroleum ether. By 
pouring liquid air into the petroleum ether a temperature of about 
— 80° C. was produced and the flask was now placed in position 
surrounding the phialt. The temperature was measured by a 
small platinum resistance thermometer whose bulb was just clear 
of the phial. The thermometer was provided with compensating 
leads, and temperatures were read on a bridge wire in the usual 
way. The rate of rise of temperature was small and about ten 
determinations corresponding to ten different temperatures were 
obtained. Finally a similar set of readings was taken for the 
phial alone. In the case of potassium ferricyanide the curve 
representing the variation of susceptibility with temperature was 
approximately hyperbolic. The susceptibility of the glass of which 
the phial was made also increased with fall of temperature. The 
curves for the three compounds potassium ferrocyanide, iron 
carbonyl, and nickel carbonyl were practically parallel to the axis 
of t, showing that the susceptibility found above is not due to the 
superposition of a larger diamagnetic coefficient upon a nearly 
equal paramagnetic coefficient. 

The curves in Fig. 3 show the variation of susceptibility with 
temperature. 


* Langevin’s theory really applies to gases only. The extension to liquids and 
solids which are paramagnetic has been given by Weiss. 
+ For this method of producing low temperatures I am indebted to Mr Hughes. 
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Fig. 3 (a). 


230 Ato 850 2bo 270 280 270 
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Fig. 3 (a). Curve AB is for potassium ferricyanide. 


Fig. 3 (b). Curve CD is for nickel carbonyl. 
“f » #F ,, potassium ferrocyanide. 
” » GH ,, iron carbonyl. 
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In conclusion, I wish to give my best thanks to Prof. Sir J. J. 
Thomson for the great interest he has taken in this work; also 
I must express my indebtedness to Mr H. O. Jones, who has 
kindly supplied me with samples of the iron and _ nickel 
carbonyls. 
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On the distribution of the Secondary Réntgen Radiations round 
the radiator. By J. A. CRowTHER, M.A., St John’s College. 


[Read 28 November 1910.] 


In the course of an investigation into the energy of secondary 
radiation from a substance under the influence of Rontgen rays, it 
was found necessary to determine the relative intensity of the 
secondary rays in different directions round the radiator. The 
present paper gives a preliminary account of the experiments 
made and the results obtained. 

The radiations from a substance under the influence of Réntgen 
rays may be divided in general into two classes, (i) the “scattered” 
radiation, and (ii) the “ homogeneous” radiations, the former being 
distinguished by having the same absorbability as the radiation 
producing it; the latter by an absorbability which is independent 
of the primary rays and characteristic of the radiator. Both types 
of radiation have been investigated. 

The apparatus devised for these experiments is indicated in 
Fig. 1. The ionization chamber P, cylindrical in shape, is closed 
at one end by a thin aluminium window ao, 4 cms. in diameter, to 
admit the radiations. As the amounts of secondary radiation to 
be measured were necessarily small, a fairly large chamber was 
used; and in order to obtain the “saturation” current with a 
reasonably low voltage, a system of plane electrodes e, e... of thin 
aluminium leaf mounted on wire rings was employed, instead of 
the usual, but unsatisfactory, central wire electrode. 

The chamber P was mounted on the circumference of a 
mahogany dise D, which could be rotated about a fixed axis A 
through its centre. A lead plate with a suitable circular 
aperture R, was mounted on the fixed axis A, and served to 
support the radiator. The radiator thus remained fixed, while 
the ionization chamber revolved round it with the window @ 
always facing the centre. 

In order to make connection between the moving ionization 
chamber and the measuring electroscope (which it is most desir- 
able to keep fixed if accurate measurements are to be made) the 
key K was mounted so that the brass rod b came directly over the 
axis of rotation of the disc. The distance between 6 and the 
electrode # was thus fixed, and the two could be connected in 
the usual way by a thin copper wire shielded from induction 
effects in an earthed tube. 

The Réntgen ray tube was enclosed in a leaden box from 
which a narrow pencil, limited and defined by the lead stops 


vial aya latetien w  HN. 
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L, L, was allowed to emerge and impinge on the radiator R. 
The cross section of the beam at R was quite well defined when 
viewed with a fluorescent screen, and had a diameter of about 
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8cms. The distance from R to w was 15 cms., and the diameter 
of m 4 cms. 

Two parallel electrodes 7, 7’ were mounted in the tube LL. 
The ionization in the air between them was measured in the usual 
way by a second Wilson electroscope, and served to standardize 
the primary beam. The position of P with respect to the incident 
rays could be read off on a circular scale fixed to the disc D by 
means of a pointer / attached to the fixed axis A. 

As it was necessary to know the distribution of the secondary 
rays in the direction of emergence of the primary beam, as well as 
of those which were returned from ‘the radiator, the latter took the 
form of sheets of the given substance sufficiently thin to absorb 
only a small fraction of the incident radiation. The actual absorp- 
tion could be allowed for, but it was desirable, owing to the 
difficulties of keeping an X-ray bulb absolutely constant, that 
the correction should be as small as possible. 

The measurements were made as follows. The ionization 
chamber P was fixed in the required direction; the radiator was 
placed in position at the centre of the wheel, and the intensity of 
the ionization measured with the rays passing. The radiator was 
then removed, and the ionization while the primary rays were 
passing was again measured. A certain amount of secondary 
radiation is given out by the air through which the primary 
beam passes, some of which enters the ionization chamber P. 
There was thus always a small but perceptible current through 
P, even in the absence of the radiator at R. The difference of the 
readings with and without the radiator at R was taken as giving 
the true effect due to the radiator alone. The disc D was 
then rotated through a suitable angle and the readings repeated. 
In this way the intensity of the secondary rays all round the 
radiator could be mapped out. 

The absorbability of the secondary rays could be determined 
by fixing P at some suitable angle and then interposing absorbing 
screens in front of the window w. Similarly by placing P directly 
in the line of the primary beam and removing the radiator at R, 
the absorption of the primary rays could be measured. 

The scattered radiation, which has the same penetrating power 
as the primary, has been regarded as being due to the forced 
vibrations of the electrons in the atom under the forces in the 
primary pulse. If 2, is the intensity in a direction OP making 
an angle @ with the line of motion of the electron, then % is propor- 
tional to f? sin? @, the component of the acceleration of the electron 
in the direction perpendicular to OP. If we assume that the 
accelerations of the electrons are distributed evenly in a plane 
perpendicular to the direction of the primary beam, it can be 
shewn that the intensity is a minimum in this plane, and rises 
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to a maximum both forward and backward in the line of the 
primary beam; the maximum value being twice the minimum. 
The following figures (Table I) obtained with a radiator of 
filter paper (cellulose) will shew the distribution which actually 
obtains round a radiator emitting only scattered radiation. 


TABLED I: 


Scattered Radiation. 


8 With | Without | Jon. due to| Corree. for I 
Radiator | Radiator | Radiator | absorption @ 
| | | 
jaar | | | | 
RH, 35° | 3:0 ide.) 20 TsO. 225200! 
returned | 50° 2-8 1:0 1°8 ely 2-0 
70° 2-6 1°33 Is? 1-19 1ESS 
| | 
R.H. BoM 70 290. | 4-] | 1:10 4-50 
| transmitted | 40° 4-5 18 OT) isi 3°00 
| 60° | aro 15s 1:8 15 2-10 
/ 1H. 30° 5:7 2°3 3-4 1:10" °| 3°75 
transmitted | 50° 3°5 ili) 2-4 IIB eel) SET 
Or eo 9 1-4 | 12 Oe Sealant 
LH: 30) 3°0 1:0 2-0 1:10 2-20 
returned oe Qt LEO 1-7 ilieitles 1:90 
| 70° Deo 1:0 1:3 120 1:55 


R.H. and L.H. signify the right-hand and left-hand positions of P, 
looking along the beam. “Returned” radiation is that which comes 
back from the radiator on the side nearest the focus tube; “trans- 
mitted” is that which goes forward and emerges on the far side of 
the radiator. 6 is the angle made by the axis of P with the axis 
of the primary beam. The next two columns give the ionization 
in P with and without the radiator R. The difference of the two 
gives the effect due to the radiator itself. The next column gives 
the correction factor for the absorption of primary and scattered 
rays in the radiator. This may be calculated as follows. Consider 
any element of unit area at a depth y in the radiator. Then if » 
is the coefticient of absorption for the rays, the intensity of primary 
radiation at y is I,e~”, and if & is the fraction of the energy 
‘scattered per unit volume between the directions @ and @+dé@ 
the intensity of the scattered radiation between these limits is 
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kI,e-dy. For the returned radiation the thickness of the material 
traversed by the scattered radiation is ysec@; for the transmitted 
(a —y) sec 6, where a is the thickness of the radiator. 

For the whole plate we have, therefore, 


ifs a kT, [ e ty (—sec dy 
for the returned radiation, and 
In=k1, [e —Ay(1—secé) — aeEcldy 


for the transmitted radiation, where J, is the measured intensity 
of the radiation. 
The intensity J, if no absorption had taken place would have 
been simply AJ,a. Evaluating the integrals we have 
I,  ar(sec6+1) 
1= = a g~ aa(sec8+1) 
for the returned, and 


I, «ar(sec@—1) 
7, 5 era = e—Aasecé 


for the transmitted radiation. 

The value of X/p for filter paper for the rays used was 1°8. 
The values of these expressions for different values of @ are the 
correction factors given in the table. 

The corrected values for /, are given in the last column of 
Table I, and are represented diagrammatically in Fig. 2. In this 
figure the radiator is at A, and direction of the incident primary 
beam is that of the arrow. MRadii are drawn in all directions from 
fh, the length of any radius being proportional to the intensity of 
the radiation J, along the direction of that radius. 

We thus get a picture of the distribution of the scattered rays 
round the radiator in the plane of motion of the ionization 
chamber*. 

It will be seen that the distribution so far agrees with that to 
be expected on the simple theory that the curve shews maxima in 
the backward and forward directions of the rays, and minima in a 
plane at right angles to that direction. It will be seen at once, 


* In these experiments the focus tube was arranged so that the path of the cathode 
rays in it was perpendicular to the plane of rotation of the dise D. When the bulb 
was turned so that the cathode rays were in this plane there was always a pre- 
ponderance of the scattered radiation on that side of the primary beam towards 
which the cathode rays were directed. This effect, which is due to a partial 
polarization of the primary Réntgen rays, has been observed before for the returned 
radiation. It does not affect the distribution of energy between the transmitted 
and returned radiation; and it was thought better to describe the more sym- 
metrical case first. 


| 
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however, that it is by no means symmetrical about this plane. 
At any inclination to the normal there is a preponderance of 
radiation in the forward direction, and this preponderance is 
greater the more nearly we approach the direction of the primary 
rays. Experiments made with aluminium radiators gave similar 
results. 

The shape of the curves suggested that the effect might be 
due to two types of radiation, one scattered according to the 
simple theory, and the other going mainly in a forward direction. 


Fig. 2. Distribution of Scattered Réntgen Radiation. 


It will be seen from the figure that for the returned radiation the 
maximum in the direction of the primary beam (obtained by 
interpolation between the 1st and 4th quadrants) is almost exactly 
twice the minimum value in the direction perpendicular to it. 

Various attempts have been made to separate the radiation 
into two parts, but without any success. The experiments so far 
made are briefly as follows: 

(3) The window of the ionization chamber P was covered 
with sufficient aluminium board to cut down the radiation 
entering the chamber by more than one half. The relative 
ionizations in the forward and backward positions of P were found 
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to be practically unaltered by this arrangement. The actual 
values obtained for the coefficients of absorption of the trans- 
mitted and returned radiations in aluminium were 11°3 and 107 
respectively. The difference between these values is not greater 
than the experimental error. 

(ii) Experiments were made to discover if the thickness of 
the radiator had any effect upon the distribution of the scattered 
radiation. Radiators of four, seven, and twelve sheets of filter 
paper were employed. The distribution was found to be the same 
for the three radiators. 


(iii) Experiments were also made with aluminium radiators.” 


The distribution of the scattered radiation was very similar to 
that for paper, but the preponderance in the forward direction 
was even greater. Measurements were also made of the scattered 
radiation from copper; the soft homogeneous radiation being 
totally absorbed in aluminium before reaching the chamber P. 
Owing to the great absorbability of the primary rays in copper, 
very thin sheets had to be used and the residual radiation after 
absorbing the characteristic rays was very small. However, even 
here the readings shewed a marked preponderance of the scattered 
radiation in the forward direction. Experiments with tinfoil in 
which the primary rays were made sufficiently soft to excite no 
appreciable characteristic radiation also shewed a similar dis- 
tribution of the scattered rays. 

These results are briefly summarized in the following table 


which gives the intensity of the transmitted and returned 


scattered radiations, for an angle @ of 30° with the primary rays, 
for different radiators. 


TABLE II. 
| | T itted | 
Radiator | Transmitted Returned | eee 
Returned 
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7 sheets “ahs 4°5 Ae 2-05 
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cut down by aluminium) || | 
12 sheets ae ay: 6-4 = 4 ee 2-05 
Aluminium ae Ee. | 10°5 le Sra 3-2 
Copper (scattered) is | 1-28. . | 63 2°0 
Tinfoil (scattered)  .... | ~—-114 5:3 2-9 
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The distribution of the homogeneous characteristic secondary 
radiation has also been measured using a copper radiator. The 
following table are nts gives the results obtained. Readings 
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are made as before for different inclinations 6, with the primary 
beam, with and without the copper radiator. Correction is then 
made for the ionization due to the scattered radiation from the 
copper, which can be measured separately by interposing sufficient 
aluminium board in front of the window @ to absorb all the soft 
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characteristic rays. The correction for the absorption of the 
primary and secondary rays in the copper sheet for the different 
angles is calculated (allowance being made for the fact that the 
coefficient of absorption is now no longer the same for the two 
streams of radiation). The last column gives the corrected 
intensity of secondary characteristic radiation, in the direction 6, 
for a copper radiator of thickness ‘00075 cm. 

It will be seen at once that the distribution of the characteristic 
radiation is practically uniform all round the radiator. The values 
of Z, given in the last column do not differ by more than the 
possible errors of experiment. The characteristic radiation, there- 
fore, is emitted equally in all directions. 


Summary. 

The distribution of the secondary Réntgen radiations has been 
measured for both scattered and characteristic radiations. The 
scattered radiation reaches a maximum both forward and back- 
ward in the direction of the primary beam, and falls to a minimum 
at right angles to that direction. At any given inclination to the 
primary beam there is always a preponderance of radiation in the 
forward direction, that is to say on the opposite side of the 
radiator to that upon which the primary rays first fall. This 
preponderance increases the nearer we approach the direction 
of the primary beam. 

The characteristic secondary radiations are emitted equally in 
all directions round the primary beam. 


A New Method of Investigating the Positive Rays. By Prof. 
Sir J. J. THOMson. 
[Read 31 October 1910.] 


In this method the rays are received on a photographie plate 
inserted inside the discharge tube and placed in a light-tight case 
until it is wished to photograph the rays, when the plate is lifted 
from its case by a mechanism worked from the outside and the 
rays are allowed to fall upon it. It is found that a photographic 
plate is very sensitive to the rays; a pencil of these only one- 
third of a millimetre in diameter gave a good photograph in less 
than five minutes. The photographic plate besides being much 
more sensitive than the willemite screen hitherto used by the 
author has the advantage of giving a permanent record and 
allows of greater accuracy of measurement. Using this method 
the author has detected in the positive rays in addition to the 
atom and molecules described in his paper in the October number 
of the Philosophical Magazine, positive rays of a secondary nature 
having values of m/e, 1°5, 2°5, etc. that for the hydrogen atom. 
Photographs taken by this method were exhibited at the meeting. 
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Note on Strongylocentrotus lividus as a Rock-borer. By JAMES 
RomANES, B.A., Christ’s College. 


[Received 20 January 1911—Read 6 February 1911.] 


(Prate IT.) 


Reference has been made from time to time to the fact that 
the echinoid Strongylocentrotus lividus is capable under certain 
circumstances of boring into rocks in much the same way as the 
Molluscs Pholas and Lithodomus do. It is fully discussed in 
a communication by M. Ch. Lory* who records instances from 
the coast of Brittany, but these all occur in very friable or 
weathered rock “in the state which precedes its reduction to 
sand.” He sums up his observations by saying, “ Thus whatever 
be the nature of the rock, the property of becoming friable, at 
any rate by continuous submergence, is the condition necessary 
to enable the echinoids to excavate it.” In the discussion on the 
above paper there is a long communication by M. Cailliaud in 
which he denies that the echinoids play any part in the formation 
of the holes in which they live. 

It is well known that the same species of echinoid occurs 
on the west coast of Ireland, but that some doubt exists as to 
their capabilities as rock-borers is shown by the following quota- 
tion from the volume of the Cambridge Natural History (Vol. 11.) 
on Protozoa, Coelentera and Echinoderma, page 541. “S. lividus 


* Bull. Soc. Geol. France, Ser. 2, Vol. x11. 1855, p. 44. 
VOL. XVI. PT. II. 9 
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occurs abundantly in the Mediterranean and reaches the English 
Channel and the west coast of Ireland. In the last named locality 
where it is exposed to the full swell of the Atlantic it is said to 
excavate holes for itself in the limestone rocks, about 10 inches in 
depth.” To this there is appended a footnote as follows :— 
“Mr E. W. L. Holt, scientific adviser to the Irish Board of 
Fisheries, casts doubt on much of this supposed excavation ; while 
disclaiming any novelty in this observation, he points out that in 
many cases one side of the cavity is formed by calcareous algae 
and it seems as if the animal wanders into a crevice in which it is 
imprisoned by the growth of this plant.” While working on the 
geology round the coast of Glengarriff, Bantry Bay, I noticed that 
many of the shallow pools left between tide marks were inhabited 
by hundreds of these echinoids, which in certain cases appeared to 
have sunk themselves more or less deeply into the rocks at the 
bottom of the pools. In most cases the echinoids are arranged 
in fairly well defined lines parallel to the strike of the rocks 
which are here practically vertical: this no doubt is due to slight 
differences in the character of the rock. 

Iwas fortunate enough to find a case where the echinoids 
were adhering to the vertical sides of the pool and by driving 
a wedge in along the line of cleavage was able to obtain a slab of 
rock with several specimens on it. 

The specimen figured is part of this slab and measures roughly 
20 cm. x15 cm. x 6 cm., on it are three individuals in clearly 
defined excavations while there are portions of two other excava- 
tions which were inhabited when the specimen was collected. 

The rock is an wnweathered, fine-grained, compact, slaty 
mudstone, cleavage being rather imperfectly developed. When 
treated with dilute hydrochloric acid the rock shows no efferves- 
cence so that the amount of calcareous matter present must 
be very small, certainly not enough to cause disintegration of the 
rock, on removal by acid. 

In the specimen there can be absolutely no doubt that the 
borings are in the rock, the bare surface being exposed on all sides. 
The two largest excavations are 5°5 cm. in diameter and about 
3 cm. in depth, having the form of an almost perfect hemisphere 
with a remarkably smooth surface. 

The third occupied excavation though the smallest in diameter 
(4 cm.) is considerably deeper in proportion than the others and 
in this case the echinoid is completely below the general level of 
the rock, and there seems to have been an effort on the part 
of the echinoid to regain a horizontal position since the excavation 
is considerably deeper on one side than the other. One of the 
unoccupied hollows from which an echinoid was removed shows 
numerous Serpulae and Fenestella-like polyzoa adhering to the 
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rock. This certainly suggests that the echinoids after boring 
to a certain depth definitely stop sinking themselves any further, 
otherwise any continued chemical or mechanical action would 
inevitably destroy these organisms which seem to be living in 
security below the echinoid. 

The specimen also shows the calcareous algous growth which 
in some cases, as pointed out by Mr Holt, grows up round the 
echinoid and may imprison it, giving a false impression of boring. 
At times this calcareous covering extends some distance over the 
surface of the excavation, so that at first sight it appears as if 
the rock were covered by a thick layer of algous growth, but 
in reality this covering is, in the excavations themselves, rarely 
more than 1 mm. in thickness. It is noticeable however that the 
limpet on the specimen is in a distinct depression, and that in 
this case the appearance is caused by the algous growth rising up 
around it, not by any active boring on its part. 

A few other observations made from an examination of 
numerous other pools inhabited by S. lividus are perhaps worth 
recording. 

There seems to be no connexion between the diameter and 
the depth of the excavation, while in every case the size of the 
excavation is exactly fitted to the size of the individual. Whether 
the action is a fairly rapid one, each individual excavating a 
hollow to the desired depth, or whether the action is the result of 
generation after generation of echinoids each slightly deepening 
the excavation made by a predecessor, is impossible to say. 
Where the pools are in a hard massive grit which is the dominant 
rock type along that part of the coast there is never the least 
tendency for hollows to be formed, though it may be noticed that 
the echinoids tend to seek the shelter of any natural crevice 
or hollow in the rock. It is difficult in the absence of any 
observations over a prolonged period to say of what nature the 
excavating action is, but as the rock contains so little material 
soluble in weak acid it seems probable that the action is a 
mechanical rather than a chemical one, and is possibly due to 
constant movement of the spines, the ends of which can be seen 
in many cases to be considerably worn especially in the case 
of those specimens which inhabit hollows. 


EXPLANATION OF PLATE II. 


The Plate shows slab of slate with three echinoids in excavations. At the upper 
end is part of another hollow showing thin film of calcareous algae (unshaded 
portion). At the lower end of specimen is an excavation from which the echinoid 
has been removed to show the Serpulae growing below. 
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The effect of exposure to ultra-violet light on blood-serum. By 
W. M. Scort, Trinity Hall, John Lucas Walker Student in 
Pathology. (Communicated by Prof. G. Sims Woodhead.) 


[Read 20 February 1911.] 


During the past year, 1910, the chemical and biological effects 
of the ultra-violet rays of the spectrum have been the subject of 
considerable study, almost entirely in France. For example, 
Berthelot and Gaudechon* have described various simple organic 
syntheses and decompositions, Mlle Cernovodeanu and Henri+ 
have shown their destructive effect on unicellular organisms and 
on tetanus toxin, tuberculin etc., while Baroni and Jonesco- 
Mihaiestit have studied the effects on diphtheria toxin and on 
immune sera. 

The results of the last observers indicated a possible important 
practical application in serum therapy. They found namely that 
horse serum treated by ultra-violet light could be robbed of its 
power of precipitating the appropriate anti-serum, and of pro- 
ducing in sensitive guinea-pigs the toxic manifestations which 
are grouped under the name of “anaphylaxis ” or “serum-sickness.” 
These toxic effects, though of relatively small practical importance 
when compared with the direct therapeutic benefit in diphtheria, 
are of much importance as the probable cause of the inefficiency 
of antibacterial sera as curative agents in infective conditions. 

The question arises whether the antibodies in immune sera are 
capable of surviving a process such as the above which diminishes 
or removes their anaphylactic toxicity. 

Baroni and Jonesco-Mihaiesti (loc. cit.) have stated that diph- 
theria antitoxin under the ultra-violet light rapidly loses its 
protective power. It seemed worth while for the reasons above- 
mentioned to repeat their experiments on these points. The 
source of ultra-violet hght employed in my work was a mercury 
vapour electric arc at 100 volts, the tube consisting of quartz_and 
transmitting a very high proportion of the ultra-violet part of 
the spectrum. The various sera treated were contained also in a 
quartz tube at a distance of 15 cm. from the source of light and 
kept cool by dipping in a water bath. The sera were in most 

* Compt. rend. Acad. Sciences, 1910, T. cu. pp. 1169, 1327, 1517, 1690; T. cri, 
pp. 395, 478. 


+ Ibidem, 1910, T. cu. pp. 52, 549, 729. 
+ Compt. rend. Soc. Biol. 1910, T. uxvit. p. 393; T. vxix. p. 273. 


id 


ultra-violet light on blood-serum. 125 


cases diluted 1 in 5 with normal saline (the action of the rays 
on undiluted serum was much less marked); the depth of fluid 
to be penetrated did not exceed 1 cm. and the tube was frequently 
agitated. 

Serum exposed to the action of ultra-violet light under these 
conditions for about 5 hours loses its property of causing a pre- 
cipitate with the corresponding anti-serum, the loss gradually 
progressing during that period till the serum, which before treat- 
ment produced a large precipitate even diluted 500 times, now 
fails to produce anything more than a doubtful turbidity in the 
dilution 1 in 5. 

The effect on the immune body of the serum is equally marked. 
Rabbit serum containing a powerful haemolytic immune-body for 
ox blood (the minimum haemolytic dose for 1 c.c. of 1 p.c. ox 
corpuscles being 0:0005 c.c.) is completely robbed of haemolytic 
power after 4 hours’ exposure, 0:1 c.c., 7.e. 200 times the dose being 
now without any lytic effect. 

The effect on antitoxin was estimated with a sample of high 
potency anti-diphtheria serum containing 1000 units per c.c. 
After 4 hours’ exposure, though the precipitating property is still 
perceptible, the antitoxin falls to below 4 of its original value, 
ue. 5 times the minimum neutralising dose, determined on the 
contro] portion, just fails to protect a guinea-pig from the standard 
dose of toxin. A serum of high antitoxic potency has been con- 
verted into one of low potency. 

The anaphylactic toxicity of the serum is apparently the 
property most resistant to the action of ultra-violet ight. Even 
after 6 hours’ exposure a small dose of the serum is capable of 
producing the typical death, a little delayed, in a highly sensitive 
guinea-pig. In guinea-pigs less sensitive, e.g. those passively 
sensitised with a small dose of precipitin serum, the reduction 
in toxicity is more apparent. The effect on intravenous injection 
is delayed and atypical. Instead of acute asphyxia with extreme 
emphysema of the lungs there is a peculiar progressive slowing of 
the respiration rate with large oscillations in the blood pressure 
before death, although the entrance and exit of air in the lungs 
remain free. The mechanism of this is a subject for separate 
investigation. Here it is sufficient to note that exposure to 
ultra-violet light sufficient to destroy the great proportion of 
the antitoxin leaves the serum in possession of an appreciable 
anaphylactic toxicity. It does not seem therefore that the 
method can be employed to get rid of the detrimental effects 
of therapeutic sera. 
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The passage of bacteria from the mouth to the lung. By L. 
Cossett, M.D., Lecturer in Pathology, and G.S. GRAHAM-SMITH, 
M.D., Lecturer in Hygiene. 


[Read 20 February 1911.] 


Various observers have fed animals with tubercle bacilli, and 
have produced tuberculosis of the lungs, sometimes together with 
tuberculosis of the mesenteric glands and elsewhere, but at other 
times mainly affecting or even confined to those organs. Calmette 
and his pupils, and some who have followed him in this country, 
have concluded that in these experiments the tubercle bacilli 
which caused the pulmonary lesions had passed through the 
mucous membrane of the intestines into the lacteals, and so 
through the mesenteric glands into the thoracic duct, and hence 
into the systemic veins, right side of the heart, and pulmonary 
artery; and they have not hesitated to conclude from such experi- 
ments that the majority of cases of pulmonary tuberculosis in 
man are caused in this way. 

We ourselves have for a long time doubted whether it is at 
all certain that in such experiments the bacilli reach the lungs 
by this route, and have suspected that micro-organisms placed in 
the mouth might sometimes find a shorter way to the lungs by 
the air passages, especially in experiments in which a stomach- 
tube was used for introducing the bacteria. In some experiments 
made by one of us, and already published*, B. prodigiosus was 
found in small numbers in the lungs of guinea-pigs fed with this 
micro-organism in 12 out of 16 animals, and yet in only one case 
was it found in the mesenteric glands. It therefore seemed 
unlikely that the bacilli found in the lungs could have passed 
through the mesenteric glands. In another series of experiments, 
guinea-pigs were fed with tubercle bacilli, killed a few hours later, 
and their various organs examined for tubercle bacilli by injecting 
emulsions into other guinea-pigs. In three of the six auimals 
used, the bacilli were thus proved to have entered the lungs, 
and yet only in one of them were they present in the mesenteric 
glands. <A guarded conclusion was drawn from these experiments ; 
the author thought that in his experiments it was, on the whole, 
more probable that the bacilli had found their way through the 
trachea, rather than that they had been taken in through the 
intestine. We can now speak with more confidence, for in some 
recent experiments, which we now record, the bacilli were found in 
the Jungs so soon after the animals were fed with them that it was 
impossible that they could have been absorbed from the intestine. 
The experiments so far concluded have been confined to very 


* “Portals of Entry of the Tubercle Bacilli which cause Phthisis,” L. Cobbett, 
Journ, of Path, and Bact. Vol. xv. 1910, p. 563. j 
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young guinea-pigs, but they show that a transference of bacteria 
placed in the mouth occurs in these animals quite normally, and 
surprisingly freely, and this makes it at least very probable that 
in older animals and in other species also, bacteria occasionally 
get ito the lungs from the mouth in this way. 

These experiments were as follows. Guinea-pigs, 16 in all, 

when for the most part only a day or two old, were fed with 
emulsions of B. prodigiosus in a small quantity of milk. The 
mixture was put into their mouths drop by drop, on a wire loop, 
much as one might feed an infant with a spoon. It was readily 
taken and swallowed quite naturally, without provoking any 
struggling or coughing, or indeed calling forth any resistance 
whatever. The quantity thus given was usually about 50 drops, 
and this represented the greater part of one or two young agar 
cultures. The feeding took about 10 to 17 minutes. At the 
end of this time the animals were killed and immediately cultures 
were made from their principal organs. The cultures were made 
by the method fully described in the paper previously referred to. 
Briefly the procedure was this: with due precautions portions 
of the various organs, weighing probably about half a gramme, 
were removed and crushed into a pulp between glass plates, 
and this pulp was then transferred to two agar tubes which were 
incubated at 22°C. In the case of the lung cultures nearly the 
whole of one organ, including some of the larger bronchi, was 
crushed to make the pulp for sowing the tubes. Cultures were 
made also from the contents of the stomach, and from the small 
intestine. As the latter was usually empty except for a small 
quantity of mucus it was sometimes washed out with salt 
solution. 
_ In every experiment colonies of b. prodigiosus appeared in 
the lung cultures, usually in considerable numbers, clearly showing 
that the bacilli had reached the lungs, or at least the larger 
bronchi. A few colonies were obtained in some cases from the 
trachea also, though only very small quantities of mucus, where- 
with to sow the culture tubes, could be obtained from this 
situation. 

The stomach contents were pink with the bacilii, but in a few 
instances we failed to get a culture, usually because other more- 
rapidly-growing bacteria over-ran the surface of the culture 
medium, 

In no case did colonies of B. prodigiosus appear in the cultures 
sown from the mesenteric glands. 

In quite exceptional instances did one or two colonies of this 
microbe grow in tubes, sown from the liver, spleen or kidneys. 
It may be that the bacilli got into the organs through the lungs, 
though the time would appear too short; or it may be that they 
gained entrance into the tubes in consequence of some error of 
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technique. On this point one must reserve one’s judgement until 
further evidence is available. 

The important result of the experiments is that the bacteria 
placed in the mouth gained entrance into the lungs of these very 
young animals, constantly, and in considerable numbers, and that 
too within a space of time, measured by 10—17 minutes from the 
commencement of feeding to the last respiratory movement, which 
is clearly too short to allow of their having been carried round by 
the intestines and their lymphatics. The bacilli must therefore 
have travelled to the lungs through the trachea and bronchi. 
In support of this we may add the recovery of the bacilli from 
the trachea in some cases, as already mentioned. 

In the earlier experiments of this series the animals were 
killed by chloroform, and it was noticed, that just as they were 
dying they would give several deep gasping inspirations. It was 
suggested that the abnormal inspirations might be the cause of 
the bacilli passing from the mouth and pharynx into the lungs 
in a way which might never have occurred if the animals had 
been allowed to live. In order to meet this objection it was 
necessary to kill the animals in a special way. The method next 
used was to tie a ligature tightly round the neck of the animal 
so as to occlude the trachea. It was found that this procedure 
usually resulted, in the case of these newly born animals, in dividing 
the spinal column, and with it the cord, without cutting through 
the skin. This was not altogether a disadvantage, because the 
division of the spinal cord completely inhibited all subsequent 
respiratory movements. In later experiments the animals were 
killed by the sudden application of a blunt-jawed clamp to the 
neck which acted very much like the ligature. 

The experiments confined so far to guinea-pigs will be ex- 
tended to other animals. We are of opinion that what they have 
clearly established in young guinea-pigs, namely, the constant 
passage of bacteria placed in the mouth directly, by way of the 
air passages, into the lungs, makes it exceedingly probable that 
a similar passage of bacteria into the lungs by this route takes 
place in older animals also, and in other species. We believe 
that this is the true explanation of many of those experiments in 
which tuberculosis has originated in the lungs of animals fed with 
tubercle bacilli, and that our experiments invalidate the con- 
clusions drawn from such experiments as to the absorption of 
bacteria from the intestine in general, and the usual path of 
infection in pulmonary tuberculosis in particular. 

It may perhaps be well to add that we do not for a moment 
wish to deny that tuberculosis may arise in consequence of bacilli 
being absorbed from the intestine. We have seen many such 
cases, especially in children. 
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On Regularities in the Spectrum of Neon. By HERBERT 
Epmeston Watson, B.Sc. (London), Trinity College, Cambridge, 
1851 Exhibition Scholar, University College, London. (Com- 
municated by Professor Sir J. J. Thomson.) 


[Read 13 March 1911.] 


In 1908 the author published a paper on the “Spectrum of the 
Lighter Constituents of the Air*” mm which were given the wave 
lengths of a number of lines ascribed to neon. As the primary 
object of the research was to detect, if possible, the presence of 
a new gas, long exposures were given to the plates, and the accuracy 
of the measurements was consequently somewhat impaired. It 
was considered, however, that the values given for the wave lengths 
were usually correct to 0°03 A.U., and this was borne out by the 
agreement with the previous measurements by Baly7. 

The existence of some 200 new lines was determined by these 
experiments, making the total 321, and it seemed worth while to 
examine the spectrum with a view to discovering a possible regu- 
larity. For this purpose, the wave lengths were first converted 
into the corresponding oscillation frequencies in vacuo. 

Since the helium spectrum had been found to be capable of 
resolution into six series of lines with gradually diminishing in- 
tensities}, it was thought at first that such series might also exist 
in neon, and as two of the helium series consisted of doublets, it 
was hoped that the detection of similar doublets in neon might 
indicate lines which belonged to the same series. In the case of 
helium the constant oscillation frequency difference between mem- 
bers of a pair is 1:00, and consequently, if this difference is pro- 
portional to the square of the atomic weight, the corresponding 
value for neon might be about 25. Now there is, as it happens, - 
an unusually large number of oscillation frequency differences 
between 25 and 26, but the total number is only 13, and there 
appears to be no connexion between the intensities of the pairs of 
lines. Consequently, this hypothesis was, for the time being, 
abandoned. 

The next step was to plot the positions and relative intensities 
of all the lines on a large scale, and an examination of the map of 
the spectrum thus produced showed that the lines appeared to be 

* Roy. Soc. Proc. A. Vol. Lxxxt. 1908, p. 181. 


+ Phil. Trans. A. Vol. cc1t. 1903, p. 183. 
+ Runge and Paschen, Astrophys. Journ. Vol. tv. 1896, p. 91. 
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divided into three groups with considerable gaps between them. 
The first of these groups extends from the extreme red to 14071, 
and consists of a great mass of lines, 252 in all, among which are 
many weak ones, especially at the blue end. The second group 
extends from 3754 to 13370, and contains 29 lines only, but all 
of these with the exception of 5 very weak and doubtful ones, are 
of considerable strength. The third group reaches from 43167 to 
2736, there being 40 lines in all, though a subdivision is possible 
owing to the fact that there is an obvious gap between X2911 and 
2872. Also the lines on the less refrangible side of this gap are 
considerably stronger than those on the other, and among the 
former, no very weak ones are to be found. 

This arrangement suggested that the groups might be in some 
way repetitions of each other, that is to say, there might be con- 
stant frequency differences between certain corresponding lines in 
them, and consequently these differences were calculated between 
each line of the second group and all those of the third. The 
results were indefinite. 

After this, the difference between each pair of lines in the 
second group was determined, and so also for the third group, and 
it was then found that a distinct regularity existed, inasmuch as 
many of the lines could be grouped into triplets with constant 
frequency differences, the difference between the first and second 
lines being approximately 1429, and that between the first and 
third 1847. A search was then made in the rest of the spectrum 
for more of these triplets, and several were found in the extreme 
red, but no others seemed to exist. There were, it is true, several 
other pairs of lines with one of the above differences between 
them, but this is to be expected from considerations of probability, 
and in no case was the triplet complete. 

In addition, on examining the second group, it was found that 
there were three pairs of lines with a frequency difference of 1070, 
the first line in each case being the first member of a triplet. In 
view of the small number of lines in this group this could hardly be 
accidental, especially as three similar pairs occurred in the third 
group, and three in the first, and the difference in question did 
not appear again. It seems, therefore, that in the whole spectrum 
there are nine quadruplets, and a number of triplets with the same 
frequency differences, but with the second line absent. Moreover, 
it was found that these triplets and quadruplets were not merely 
groups of three or four lines occurring among a number of others, 
but that practically all the lines in certain regions of the spectrum 
were capable of arrangement into such groups. Thus, in the 
second large division of the spectrum which practically consists 
of 24 bright lines, there are three quadruplets and four triplets, 
in one of each of which a line is missing, and only two lines do not 
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fit into the scheme. The first of these is the strongest line in the 
whole group, and the second one is brighter than nearly all the 
others. In the third group, or rather in the first subdivision of it 
previously mentioned, there are also only two lines which are not 
members of triplets or quadruplets, while all the rest, 25 in number, 
fall into these natural groups. It is interesting to note, however, 
that one line, 12992, occurs twice. Also, the members of the last 
two quadruplets are so close together that they appear to have 
been resolved only in two cases. When the wave lengths were 
first published, the line 12949 was marked “ broad,” and is doubt- 
less double, a fact which is also indicated by the abnormal fre- 
quency difference, and it is quite possible that the line 2913 
is double as well. 

On turning to the first group of lines, it is found that not all 
of them belong to triplets or quadruplets, although most of the 
stronger ones do. It must be remembered, however, that the 
numbers representing the intensity according to the usual con- 
vention merely indicate which lines are brighter than others, and 
which are of approximately equal intensity. Actually, the energy 
corresponding to a line of intensity 10 is probably many thousand 
times that of one of intensity 1, and this difference is very apparent 
on visual observation, especially in the case of the present spectrum, 
for on looking at the region in which the regularities occur with 
an ordinary spectroscope, 23 very bright lines are seen and no 
others, unless special precautions are taken. Of these lines, all 
are members of triplets or quadruplets except two, 6402 and 
6074. In addition, the former is the brightest line between the 
wave lengths under consideration. It is also interesting to note 
that if the pressure of the gas is fairly high, say above 5 mm., 
these 23 lines and two others, \7245 and 5852, constitute prac- 
tically the whole of the visible spectrum, and it is remarkable that 
the latter line, which is the brightest in the entire spectrum, is 
just outside the region of triplets and quadruplets, and does not 
take part in their composition. It may also be mentioned that 
while examining these bright lines with a constant deviation 
Hilger spectroscope, an additional very weak one was observed 
in the extreme red, the wave length as given by the instrument 
being about 7445. 

The following tables show how the lines have been arranged. 

In column 1 is given the oscillation frequency in vacuo of the 
first line, followed by its wave length in air and its intensity. The 
fourth column shows the difference between the oscillation fre- 
quencies of the first and second line, the wave length and intensity 
of which follow. The next column gives the difference between 
the oscillation frequencies of the first and third lines, and so on. 
The actual oscillation frequencies are not given except for the 
first line, but of course may be calculated from the differences. 
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With regard to the agreement between the different values 
for the constant frequency differences, it may be noted that if the 
error in the wave length of a single line is 0°03, that of the differ- 
ence of two may be 0:06, and the maximum variation is 0°12. 
This, in the scale of oscillation frequencies corresponds roughly to 
0°3 for the first group of lines, and 1:0 for the other two, and it 
will be observed that this limit is rarely exceeded, though it may 
be remarked that the actual values of the differences in the first 
group seem slightly larger than the others, and also that those 
between the triplets are more constant than those between the 
quadruplets; possibly the lies composing the’ former are slightly 
sharper than the others, although no actual difference is apparent. 
The author's values for the wave lengths and intensities have been 
used throughout, as Baly’s figures, though possibly rather more 
accurate, are not complete. 

There appears to be no very definite relation between the 
intensities. Generally speaking, the lines in the first group are 
brighter than those in the second, and these in turn brighter than 
those in the third. Also, corresponding lines in the same group 
have often the same intensities, this being especially well marked 
in the case of the triplets. The figures representing the intensities 
in the extreme red are probably far too small, as they show only 
the extent to which a photographic plate is affected, and in this 
portion of the spectrum, the total energy is, no doubt, considerably 
greater than that indicated in this way. 

It is not proposed to discuss fully a number of interesting 
points which are raised by the existence of these regularities. 
The main facts so far ascertained may, however, be outlined. 
Firstly, if the bright lines only are considered, the spectrum falls 
naturally into three groups of lines which diminish in general 
intensity on approaching the ultra-violet end. The first group 
consists of one very bright line, one weaker line, three quadruplets 
and three triplets; the second of one very bright line, one weaker 


line, three quadruplets and four triplets; while the third group 


contains also two bright lines, three quadruplets, and six, or 
possibly only five, triplets. 

This arrangement naturally suggests a principal series and two 
subordinate ones, the second, or both of the latter, consisting of 
triplets or quadruplets, or possibly a principal and two subordinate 
series of quadruplets alone, and others of triplets alone, especially 
as a grouping in threes seems to predominate; but even if some 
such connexion does exist, it would be exceedingly difficult to 
determine, since there are at present only three members of each 
series. 

The whole arrangement also strikingly resembles the blue 
portion of the red argon spectrum investigated by Rydberg*. 


* Astrophys. Journ. Vol. v1. 1897, p. 338. 
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This author found that all the lines between certain limits except 
a few very weak and doubtful ones, could be arranged in a scheme 
of 7 quadruplets, 6 triplets, and 10 doublets, in a very similar 
manner to the neon lines above, but the mean frequency differences 
from the first line were in this case 846°5, 1649°7 and 22567. Two 
lines, however, were not included, and one of these was the brightest 
of all those under consideration. It seems hardly possible that 
such a coincidence can be accidental. 

With regard to the other and weaker lines of the spectrum, 
which consist of a number in the first group, and all those in the 
second subdivision of the third group, a regularity is not at present 
apparent. <A partial search has so far failed to reveal any constant 
frequency differences, but it by no means excludes their existence. 
As, however, there are in all some 25,000 differences, the work is 
necessarily slow. Another possibility is that these lines are the 
components of a number of series similar to those in helium, a 
supposition which is strengthened by the fact that there are 
a great many weak lines close together at the blue end of the 
first group. From the point of view of intensity alone, this portion 
of the spectrum is somewhat analogous to the secondary spectrum 
of hydrogen, and while there can be no doubt that there is some 
relation between the lines composing it, the solution of the problem 
is not easy. The investigation of these lines and of the brighter 
ones is being continued, and it is hoped that by means of methods 
which are not solely mathematical, some further light may be 
thrown on the true constitution of this remarkable spectrum. 
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The Intensity of Secondary Homogeneous Rontgen Radiation 
from Compounds. By J. C. CHAPMAN, B.Sc., Layton Research 
Scholar of the University of London (King’s College), Research 
Student of Gonville and Caius College, Cambridge, and E. D. 
GuEsT, B.A., formerly Scholar of Exeter College, Oxford. (Com- 
municated by Professor Sir J. J. Thomson.) 


[Read 13 March 1911.] 


Of the two types of secondary radiation emitted by elements 
of atomic weights between chromium and iodine, it has been 
shown that one is a scattered radiation having the same pene- 
trating power as the primary beam and resembling it in that it 
is heterogeneous*, and the other an X-radiation characteristic 
only of the element emitting it, the penetrating power of which 
is independent of the penetrating power of the primary beam‘. 
The former type of radiation has been explained on the assumption 
that the electrons are accelerated by the electric forces in the 
primary pulsesf. In the case of the elements with the range of 
atomic weights above mentioned it is well known that the scatter- 
ing effects are small. 

Numerous experimenters have shown that the type of this 
characteristic secondary X-radiation is not affected by the state 
of chemical combination of the element and this holds also 
when there is a change in the valency of the metal in the com- 
pound. So far all these experiments have been qualitative in 
their nature, the object of this research was to investigate quanti- 
tatively the secondary homogeneous X-radiation emitted from 
elements when combined in different compounds. In the first 
experiment strontium chloride was taken and then converted into 
strontium sulphate; and in the second experiment pure tin was 
first experimented upon and was then converted into tin nitrate. 

The apparatus used is indicated in the diagram, X-rays leaving 
the anticathode O pass through two plates P,, P,. P, was very 
thin and produced the same type of secondary homogeneous 
radiation as the plate P,. This radiation leaving P, ” passed 
through the slit S, into an ionization chamber connected to a 
Wilson tilted electroscope #,. At the same time the rays emitted 
by the plate P, pass through the slit S, into a second ionization 
chamber connected to a tilted electroscope #,. At right angles 


* Barkla, Phil. Mag. June, 1906. 
+ Barkla and Sadler, Phil. Mag. Oct. 1908. 
{ Conduction of Electricity through Gases, 2nd edition. 
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to the main lead screen was placed a second screen, so that the 
electroscopes #, and E, were only affected by the rays coming from 
the plates P, and P, respectively. The object of the plate P, and 
the electroscope H, was merely to standardise the rays given off from 
the X-ray bulb. One of the difficulties in making these experi- 
ments to a sufficient degree of accuracy is that of the thickness 
of the plate P,. If on the one hand the plate is not sufficiently 
thick it is difficult to measure the radiation emitted, and if on the 
other hand the plate is of moderate thickness this involves cor- 
rections for absorption inside the substance itself which owing to 
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their approximate nature must somewhat vitiate the results if 
they are of any great magnitude. This trouble was got over, 
however, by using a Wilson tilted electroscope and working in 


a moderately sensitive position, but in spite of using this electro- 
scope the absorption by the thinnest plates, which it would be 
possible to work with in the case of elements of low atomic weights, 
would be too great to yield accurate results after the more or less 
doubtful corrections for absorption had been made. 


EXPERIMENTS WITH STRONTIUM. 


In order to get a sufficiently thin layer of the salt, a dilute 

. solution of strontium chloride was evaporated slowly to dryness 

in a very thin aluminium tray approximately 002 cm, in thick- 
10 
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ness. This aluminium tray was then placed in a radiator stand 
made of thin aluminium and the intensity of secondary radiation 
emitted by the salt was measured. The plate P, consisted of . 
a thin layer of strontium chloride, and this was kept in a fixed 
position throughout the experiment. The rates of deflection of 
the gold leaves were then observed concurrently in the two 
electroscopes. Owing to the small quantity of salt which it was 
found advisable to use, the radiation from the air, the radiator 
stand, and the tray in the absence of the strontium was first 
determined, and the increase when the salt was deposited on the 
tray served to measure the intensity of secondary homogeneous 
radiation emitted by the salt. The purely scattered radiation 
from such compounds has been shown by numerous experimenters 
to be exceedingly small. 

The aluminium tray containing strontium chloride was then 
removed and the latter was converted into strontium sulphate by 
the addition of dilute sulphuric acid and by slowly evaporating 
again a layer was obtained. The salt was then replaced in the 
fixed stand and the same process was repeated as in the former 
case. 

In order to make as accurate a correction as possible the normal 
absorptions of the strontium chloride and the strontium sulphate 
for an homogeneous strontium radiation were determined. These 
it will be seen are very small, so that any error in the approxima- 
tions which is made will only affect the result to a very small 
extent. In order to make clear the order of magnitude of the 
error resulting from these approximations the correction for stron- 
tium is worked out in full. 


Strontium. 


The intensities given correspond to a definite intensity of 
primary beam as measured by the standardising electroscope. 


Homogeneous radiation from strontium when in form of | 
strontium chloride and scattered radiation from stand, 24-7 
air, etc. 


Homogeneous radiation from strontium when in form of 
strontium sulphate and scattered radiation from stand, 24°] 
alr, etc. 


| Scattered radiation from stand, air and aluminium tray 16-4 
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Hence 


Homogeneous radiation from strontium when in form of | 3-3 | 
strontium chloride 


Homogeneous radiation from strontium when in form of 7 
strontium sulphate 


Absorption of strontium homogeneous radiation when 


: : i 1:96 °/ 
passing normally through strontium chloride 
Absorption of strontium homogeneous radiation when 4-0°/ 


passing normally through strontium sulphate 


Owing to the obliquity of the radiating layer with reference 
to the ionization chamber the effective thickness of the layer was 
greater than for that involved in normal absorption. ‘This change 
in effective thickness is easily calculated. The orientation of the 
plate being known it was possible to calculate the difference from 
ordinary geometrical considerations, The effective thickness worked 
out in this case to be 1:22 the normal thickness. The absorption 
was found experimentally when the layer was normal to the 
radiation, and as the correction for absorption was small it was 
assumed that the absorption for a layer of effective thickness 1°22 
times this normal thickness of the layer was 1:22 times this 
absorption found by experiment. 

There is one other point to be noticed with regard to the 
corrections for absorption. ‘The secondary homogeneous radiation 
does not pass through the whole layer, it is produced in this layer 
so that some of it will pass through only a small part of the thick- 
ness while some will pass through the greater part of it. Owing 
to the smallness of the absor ption this was allowed for by taking 
the correction to be one-half the calculated correction in the case 
of all the radiation passing through the whole layer. 


Absorption of strontium homogeneous radiation when 


passing normally through strontium chloride ARIES 6 (2 
Multiplying this percentage by 1:22 to allow for the 
orientation of the layer . : son eae 


Halving this, 1:2°/, is the calculated correction to apply. 
Adding 1:2°/, to 8°3 we have 8-4 instead of 8°3 for the chloride. 
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Similarly in the case of strontium sulphate 
40 x 1:22 = 49, 
and half this is 2°4. 
Adding 2°4°/, to 7°7 we have 7'9 instead of 7°7 for the sulphate. 
Thus 


Intensity of secondary homogeneous radiation from the strontium 

in the form of strontium chloride cs 844. 06 
Intensity of secondary homogeneous radiation from the strontium 779 — ; 
in the form of strontium sulphate 


The above results show to within the errors of experiment that 
the strontium atoms emit the same intensity of secondary homo- 
geneous radiation whether combined in the sulphate or chloride 
compound. 


EXPERIMENTS WITH TIN. 


In this case the characteristic radiation from the pure metal 
was first examined. The tin was then converted into tin nitrate 
and its radiation again examined. It may be added that in the 
case of the tin only the harder type of radiation was measured 
since there was in front of the ionization chamber a sheet of 
aluminium of sufficient thickness to cut off all the softer rays. 
As before, the percentage absorptions of the tin and tin nitrate 
for homogeneous tin radiation were measured. 

Throughout the experiments both with the strontium and with 
the tin the X-ray bulb was kept hard so that the incident primary 
beam and any scattered radiation from the aluminium stand, etc., 
should not be absorbed appreciably by the thin layer of salt. 


Tin. 


As before the intensities given correspond to a definite intensity 
of primary beam as measured by the standardizing electroscope. 


Homogeneous radiation from tin when in uncombined 
state and scattered radiation from stand, air, ete. 


Homogeneous radiation from tin when combined as tin 


nitrate and scattered radiation from stand, air, ete. ... ta 


Scattered radiation from stand, air and aluminium tray 6:5 
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Hence 
Homogeneous radiation from tin in uncombined state ... 6:2 
Homogeneous radiation from tin in combined state... 6°3 


Absorption of tin homogeneous radiation when passing | 4.4 » / 
normally through uncombined tin 


Absorption of tin homogeneous radiation when passing 5-9 °/ 
normally through layer of tin nitrate ... 2 


Applying correction for absorption inside the substance itself 
as in the case of strontium previously given the above values 
give: 

Intensity of secondary homogeneous radiation from the tin in the 

form of tin nitrate 


Intensity of secondary homogeneous radiation from the tin in the % 
uncombined state 


1-03. 


These results clearly indicate that whether the metal is com- 
bined or not, or whatever its compound, the intensity of secondary 
homogeneous radiation depends merely upon the quantity of the 
emitting element present; in other words, secondary homogeneous 
radiation is a purely atomic phenomenon. 

Incidentally these experiments throw an interesting light on 
the method of production of this particular type of radiation. In 
previous papers by one* of us arguments have been advanced 
pointing to the fact that the characteristic secondary radiation 
does not result from the subsequent bombardment of atoms by 
ejected electrons. In the case of the experiment with the pure 
tin the ejected electrons are almost wholly absorbed by the tin 
atoms whereas when the tin is in the form of tin nitrate a con- 
siderable portion of the ejected electrons must be absorbed by the 
nitrogen and oxygen atoms, so that if this subsequent bombard- 
ment were an explanation quite a measurable difference should 
be observed in the intensities of radiation emitted in the two 
cases. ‘The experiments, however, show that this is not the case. 

In conclusion, our best thanks are due to Professor Sir 
J. J. Thomson for his kind interest in these experiments. 


* Chapman and Piper, Phil. Mag. June, 1910, and Chapman, ibid. April, 
1911. 
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An Attempt to detect a Fatigue Effect in the production of 
Secondary Réntgen Radiutions. By J. CRospy CHAPMAN, B.Sc., 
Layton Research Scholar of the University of London (King’s 
College), Research Student of Gonville and Caius College. (Com- 
municated by Professor Sir J. J. Thomson.) 


[Read 13 March 1911.] 


More* has made experiments on the subject of the fatigue 
of metals as regards the production of secondary Réntgen radi- 
ations. He obtained small positive results with iron, lead, zine 
and nickel. Gowdy+ has continued this work, using more delicate 
methods. His experiments were made both on purely scattered 
radiation given by a substance such as aluminium and the charac- 
teristic homogeneous radiation emitted by elements in the group 
of substances with atomic weights between those of chromium and 
iodine. In the case of these elements it may be said, however, 
that scattering is present but is very small when compared with 
the intensity of the homogeneous radiation, so that any experi- 
ments made with such elements as radiators deal almost wholly 
with characteristic radiation, while with aluminium as radiator it 
is wholly the scattered radiation which is concerned. 

The results given in Gowdy’s paper indicate that there is a 
fatigue in the power of producing secondary radiations in most 
metals of the order of 1°/, approx. after an exposure of one, two 
or three hours—He mentions, however, that with aluminium he 
could detect no fatigue effect.—These alterations in the radiating 
power of the metals when exposed to an exciting beam of X-rays 
are probably explained as due to oxidation, for while five out of 
the seven metals he first tested exhibited variations in radiating 
power, of the thirteen oxidised surfaces afterwards used not one 
showed traces of fatigue. In addition the seven oxidisable metals 
which he experimented with all fatigued when exposed to ozone. 
So that his results seem rather to be of a chemical nature than 
what may be called a true fatigue. 

Gowdy’s method consisted in first comparing the initial radi- 
ating powers of the standardising and trial plates. The stan- 
dardisiug plate was then shielded while the trial plate was exposed 
for several hours. The shield was then removed and the radiating 
powers of the two plates again measured by a balancing method. 
Such an arrangement, however, only serves to detect fatigues 
which last, at any rate, over an appreciable fraction of the time 
spent in comparing the efficiency of the two radiators. Thus 


* More, Phil. Mag. Vol. x111. 1907, p. 708. 
+ Gowdy, Phys. Rev. Vol. xxx. 1910, p. 62. 
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assuming there to be a fatigue effect lasting 4th sec. it would 
not have been noticed using this apparatus. 

It would seem, however, much more likely that any genuine 
fatigue of the plate would last only for very short periods of a 
second, and with the idea of detecting such short periods of fatigue 
the following apparatus was used. 


Apparatus. 


Beams from an X-ray bulb passed through the two slits S, 
and S, in the lead box and fell upon a metal cylinder O and a 
plate P respectively. This cylinder, mounted on ball-bearings, 
was driven by a motor about a vertical axis and was capable of 
high speeds of revolution. The cylinder served as the secondary 
radiator, the fatigue of which was to be measured, while the plate 
P merely standardised the variable X-ray bulb. Secondary 
radiation leaving the plate P passed into the standardising elec- 
troscope S and the radiation from the cylinder O entered the 
electroscope A at the same time. 
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If the X-ray tube is working and the cylinder is made to 
rotate, then tracing out the path of any portion of the cylinder 
it can be divided into three distinct parts, for while moving 

(1) from M, through K to M, there is no exposure to X-rays; 

(2) from M, to M, there is exposure to X-rays but no second- 
ary rays can pass from that portion to the electroscope A ; 

(3) from M, to M, there is both exposure to X-rays and the 
particular portion of the cylinder is in a position to send secondary 
rays to the measuring electroscope. 


Experiments on Fatigue with the Secondary Homogeneous 
Radiations from Zine and Copper. 


The cylinder (5 cms. in diameter and 6 cms. high) was made 
of brass and the standardising plate of the same material. 

Suppose now the cylinder to rotate in the direction of the 
arrow, that is clockwise. A particular portion of the cylinder 
coming to the point M,, after which it can send rays to the 
electroscope A, has just previously been excited over the period 
of time occupied in travelling from M, to M,. Now from other 
results it can be shown that the cylinder in this time was able to 
reach a steady radiating state. This was proved by rotating the 
cylinder in an anti-clockwise direction. It was found then that 
the intensity of radiation reaching the electroscope A was the 
same when the cylinder was rotating anti-clockwise as when 
at rest. 


Intensity of sec. . : 
Speed no. of radn. when Intensity when Intensity when stationary 
revolutions | rotating at speed stationary | Intensity when rotating 
in col. 1 

60 44:9 45:0 1-00 

60 PAS be | 29°3 1:01 

60 29-8 29-8 1-00 

60 30°5 29°9 98 


t 


This showed that any particular portion of the radiator while 
passing from M, to M, had time to take up a steady radiating 
state. Now the 2 J/, OM, is slightly greater than 2 M,OM;. We 
are therefore justified in assuming that the part of the cylinder 
reaching M, when rotating clockwise was in a constant stimulated 
state. It appeared possible therefore that a great many of the 
atomic systems in a condition to give out the high-speed electron 
and thus cause the homogeneous radiation might have been used 
up, so that on reaching the neighbourhood M,M, the particular 
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part of the cylinder (which has passed through M, M,) would not 
be so efficient in producing radiation as if just before arriving at 
M,M, it had not been excited by the X-rays. Consider now the 
effect of a rotation in the opposite direction (counter-clockwise). 
In this case the part of the cylinder coming into the region of 
excitement M,M; has just previously had a complete rest over 
the time spent in travelling from M, through K to M,. So that 
if there is a fatigue effect extending over these range of times the 
intensity of radiation passing into the electroscope A will depend 
on the direction of rotation of the cylinder. 

This is the basis of the method employed. The cylinder was 
first rotated in a clockwise direction. The X-rays were switched 
on and the deflection in the electroscope A while the standardising 
electroscope underwent a certain deflection was observed. The 
cylinder was then made to rotate in the opposite direction and 
the deflection in A again measured while the leaf in S was de- 
flected to the same extent as previously. 


A. B. Ratio 
Revolutions per sec. | Intensity of radiation | Intensity of radiation 1x 
made by cylinder from cylinder when | from cylinder when = 
rotating clockwise anti-clockwise B 

60 64:2 63°9 1-005 

60 63-7 63°3 1-006 

60 62:9 63°0 1-000 

60 63°3 63°9 994 

60 63°9 63:8 1-000 

60 63°9 64:0 1-000 

60 65:0 65°3 996 

60 63:9 64:0 1-000 

60 63:9 63°8 1-000 

60 63°6 63°6 1-000 


.__ Intensity of radiation when clockwise rot. 
Mean ratio ._——_.._... — ; : — ss 1 (00 
Intensity of radiation when anti-clockwise rot. 


Now the time spent in passing from M, to M, is approximately 
equal to z1,th sec. 

That is if the radiator is fully excited and has reached a steady 
state and then its power of emitting secondary homogeneous radi- 
ation is compared (by a method which only allows time of the 
order of ;4,th sec. for recovery) with that of a radiator not pre- 
viously excited, the results indicate that there is no alteration in 
the two powers of emitting radiation. 

It was thought desirable to see if any fatigue was present in 
the case of a metal which gave a purely scattered radiation. A 
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priori reasoning, though, would certainly suggest that the possi- 
bility of detection with this radiation is much less than with the 
homogeneous type. For in this case after an atom has served as 
the source of the Réntgen rays it is not left in the peculiar 
condition of having lost an electron as it is when emitting the 
characteristic rays. 


Fatigue with Scattered Radiation. 


The brass cylinder was replaced by one made of aluminium 
and care was taken to see that the primary rays from the X-ray 
box fell only on the aluminium and not on the brass base. The 
brass standardising plate was also removed and an aluminium 
plate substituted. 

The same experiment was then repeated with the aluminium 
cylinder rotating first clockwise and then anti-clockwise, with the 
following results : 


A. B. Ratio 
Revolutions per sec. | Intensity of radiation | Intensity of radiation a 
made by cylinder | from cylinder when | from cylinder when as 
rotating clockwise | anti-clockwise B 

60 28°8 28-2 1-02 

60 28-3 27:1 1-04 

60 28-2 28-1 1:00 

60 24-7 | 25°8 ‘96 

60 22-1 22-0 1:00 

60 22:4 22°7 ae 

60 22°5 | 22°0 1:02 

60 23°0 22°8 1:01 

60 21°5 20 1:02 

60 22°5 22°3 1-01 

| 60 21:5 21-6 1:00 


Intensity of radiation when clockwise rot. 
Intensity of radiation when anti-clockwise rot. 


Mean ratio = 100@: 

That is if the radiator is fully excited and has reached a steady 
state and then its power of emitting secondary scattered radiation 
is compared (by a method which only allows time of the order of 
gizth sec. for recovery) with that of a radiator not previously 
excited, the results indicate that there is no alteration in the two 
powers of emitting radiation. 

The interpretation of these results varies according as the 
radiation leaving the X-ray bulb is looked upon as a wave surface 
or a mere localisation of energy. 

If the wave surface is assumed, it is evident sae every atom 
would come under the action of the exciting beam; and in the case 


/ 
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of zinc and copper those that were in a suitable condition would 
eject a high-speed electron so that the results of the fatigue may 
be looked upon as showing that these atoms with high-speed 
electrons are continually changing, giving place to fresh ones, or 
else that they themselves have a rapid time of recovery. 

On the localisation of energy theory the fatigue would be quite 
impossible to detect, for after a particular atom is struck and pre- 
sumably fatigued or ceased to act as a radiator the chance of its 
being struck again and acting as the source of radiation is in all 
probability infinitely small. 


Persistence in the production of the Scattered Radiation. 


Another point which enters into this experiment is the persist- 
ence effect in the production of the homogeneous and scattered 
radiations. That is to say, the continuation of the emission of the 
radiation by an atom after the removal of the exciting beam. In 
a previous paper* it was shown that whatever the effect inside 
the atom may be, it is in the case of the homogeneous charac- 
teristic radiation from zine and copper rapidly damped and cannot 
continue in sufficient strength to give ;1,th of the original second- 
ary radiation after a period of ;,,,th sec. This result was obtained 
when dealing with the characteristic radiations. The experiments 
made when using the aluminium cylinder incidentally show that 
there is no persistence effect in the purely scattered radiation from 
aluminium. 

For suppose this continuation of emission does take place the 
preceding observations would have detected it. Assuming the 
cylinder to be rotating in a clockwise direction, then when a 
particular portion of it passes from the field of excitement M, M, 
if it still continues to emit X-rays they will pass into electroscope 
A, whereas with a rotation in an opposite direction any persistence 
which occurs will take place after leaving M,, and thus it will not 
have any effect on the electroscope A. In this manner then only 
in the first case should there be an increase in the radiation reach- 
ing the electroscope. 

The results given above for the aluminium cylinder show that 
within the limits of experimental error no such effect can be 
detected, and working out the results more in detail the following 
conclusion is reached. The vibrating system causing the scattered 
radiation is very rapidly damped and does not continue in sufficient 
strength to emit ~>th of the original radiation after a period of 
aeocth sec. 

I wish to express my thanks to Professor Sir J. J. Thomson 
for his interest and advice during this experiment. 


* Chapman and Piper, Phil, Mag. June 1910. 
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On the Distribution of the Megapodidae in the Pacific. By 
J. J. Lister, M.A., St John’s College. 


[Read 6 February 1911.]} 


The genus Megapodius consists, according to M. Oustalet, of 
some nineteen species. The distribution of fifteen of these ex- 
tends almost continuously from Borneo to the New Hebrides and 
from the Philippine Islands to Australia. It thus covers an area 
in which the land masses are nowhere very remote from one 
another. There are, however, four outlying species far removed 
from the rest of the genus, namely in Niuafou in the Tonga 
Group, the Pelew Islands, the Marianne Islands and the Nicobar 
Islands. 

As the birds are incapable of long flight the question arises : 
How is the distribution of the outlying species to be accounted 
for? It has been suggested that it may indicate the existence of 
a former land area by which all these remote islands were at one 
time connected. 

The object of this paper is to show that there is a good deal 
of evidence, negative and positive, to support the view that these 
outlying species may have reached their present habitats by the 
agency of the natives, by whom the eggs are highly valued as 
food. 

Niuafou is an active volcano 3} miles in its longest diameter. 
The other birds inhabiting it are of species common to the Tonga 
Islands, though four, found in the other islands, are apparently 
absent from it. The birds are “protected” by the chief, and 
they exhibit a partial albinism though in very varying degrees. 
The native name for the bird is Mallow, identical with that of 
the Solomon Island species and with that generally used by 
Malay hunters throughout the East Indies. The nearest species 
of the genus (in distance, but not in affinities) is that of the New 
Hebrides, some 900 miles to the west, no megapode being known 
from the intervening Fiji Islands which consist of much larger 
and more ancient land masses. 

With regard to the Pelew Islands, Semper gives evidence 
showing that they consist of raised coral rock investing a volcanic 
basis formed by a submarine eruption in late Tertiary time. 

Quoy and Gaimard, the naturalists of the “Uranie,” visited 
the Marianne Islands in 1819 and state that the species there 
found was domesticated by the natives. 
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M. Oustalet was inclined to include this bird and that from 
the Pelew Islands in one species, but Mr Ogilvie Grant regards 
them as distinct. 

Wallace has expressed the opinion that the Nicobar bird has 
probably been introduced by the Malays. 

There is evidence that the species anc in the Solomon 
Islands exists in some places in a domesticated or semi-domesti- 
cated condition. 

As the natives of the Pacific Islands were in the possession of 
fowls, dogs and pigs when they were first visited by Europeans 
the supposition that in some of their wanderings they may have 
carried megapodes with them, and thus established the outlying 
species in their present habitats, appears not improbable. 


In support of this conclusion Professor J. Stanley Gardiner 
stated that the Sultan of the Maldive Islands, who died in 1878, 
had established megapodes on one of the islets of Male Atoll in 
that group. These had probably been obtained at the Nicobar 
Islands, between which and the Maldives there is regular trade 
communication. 
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The Production of Characteristic Rontgen Radiations. By 
R. WurppincTon, B.A., St John’s College. (Communicated by 
Professor Sir J. J. Thomson.) 


[Received 29 March 1911.] 


Introduction. 


It is now well known that many elements when suitably 
stimulated can be made to emit secondary Rontgen rays of a 
type depending only on the element and not on the primary 
exciting rays. This kind of secondary radiation has been variously 
termed characteristic, homogeneous, or fluorescentradiation—it 
will be referred to below under the first name. 

The most striking feature of a characteristic radiation (apart 
from its individuality) is that it can only be excited when the 
primary rays contain a constituent more penetrating than the 
characteristic itself. 

The present research was entered upon with the object of 
defining that quality of primary radiation which just stimulates 
a characteristic in terms of the velocity of the cathode rays within 
the exciting Réntgen ray tube. 

Put very briefly the method is as follows :— 

A stream of cathode particles of known velocity was directed 
on to a suitable anti-cathode and the primary Réntgen rays so 
produced allowed to fall on a secondary radiator. As might have 
been expected no appreciable amount of secondary radiation was 
emitted from the secondary radiator until the velocity of the 
cathode particles within the tube exceeded a certain critical 
value, this value of course depending on the nature of the 
radiator. 

The critical velocities for the radiators Cr, Fe, Ni, Cu, Zn, Se, 
have been determined with some accuracy; that for Al has been 
given in a paper not yet published* as 2:1 x 10°cms./see. 


The apparatus. 


The sort of apparatus used is shown in Fig. 1. 

A parallel beam of cathode rays is directed from the cathode 
C down the tube Z into the evacuated brass cylinder Z which is 
provided with four co-planer tubes, any one being at right-angles 
to its neighbour. The cylinder is wound on the outside with a 


* Nature, Feb. 1911. 
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solenoid of thick copper wire so that when a current is sent round 
it a nearly uniform magnetic field is set up along the axis. Under 
such circumstances the heterogeneous beam of cathode rays from 
C is split up into a “spectrum,” the individual rays traversing 
circles whose centres lie on the straight line MN. 


Mi 
AN hilt! ae To ELectrescope 


Fig. 1. 


Thus with a certain current in the ammeter only rays of a 
definite known velocity can get through the tube A and fall on 
the anti-cathode V. 

By converting the tube containing V into a Faraday cylinder 
connected through a galvanometer G to earth, the cathode ray 
current falling on V is also known. : 

The Réntgen rays pass out through the thin Al window W 
and fall on the secondary radiator R. The rays emitted by R are 
measured in the ionization chamber J in the usual way. 

It is necessary to draw attention here to a device I have 
employed to alter the velocity of the cathode rays from C without 
having resource to the usual method of varying the gas-pressure. 

Winkelmann* so early as 1900 showed that the smaller a 
cathode ray tube the harder it was at a definite pressure. The 
device indicated in Fig. 1 diminishes the effective size of the tube 


* Winkelman, Ann. d. Phys. u. 4, 1900, p. 757. 
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without making any structural changes in the tube itself. The 
magnetically controlled sheath S determines by its position (at 
any definite gas-pressure) the velocity of the cathode rays emitted 
by C. Drawing out S hardens the tube, a linear connexion existing 


Energy of Characteristic Radiation. 


Energy of Primary Radiation (« v‘), \ 


Fig. 2. 
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between the length of sheath drawn out and the potential at 
which the tube runs. This linear connexion only holds over a 
limited range however. This arrangement has been fitted to an 
otherwise ordinary focus-tube and works extremely well as an 
additional control on the hardness of the rays. 


Experimental Results. 


In all the experiments a silver anti-cathode was used. 

The first experiments were carried out to find how the energy 
in the primary Réntgen rays depended on the velocity and number 
of the parent cathode rays. 

Without giving details, the following two results have been 
obtained :— 

(1) The Roéntgen ray energy at any fixed velocity is pro- 
portional to the value of the cathode ray current, ze. if the energy 
in the Réntgen rays emitted by n cathode rays is equal to # then 
the energy emitted by m particles is equal to m/n.£. 

(2) The energy emitted by a cathode ray is proportional to 
the fourth power of its velocity *. 

The first result is not surprising, while the second is interesting 
since the energy of the cathode rays themselves depends only on 
the square of their velocity. 

The experiments with secondary radiators must now be men- 
tioned. 

In Fig. 2 is given a representative curve showing the con- 
nexion between H, the energy in the secondary rays emitted from R 
and the energy (which is proportional to v‘) in the primary rays 
striking it. It is clear that a linear relation exists between the 
primary and secondary energies. The point at which the straight 
line ab (the curve is for a Cr radiator) cuts the #-axis gives 
approximately the above-mentioned critical velocity. 

The following table gives the results for seven radiators in- 
cluding Al. For reasons which cannot be fully entered into here 
the value for Al given earlier as 2°1 x 10° cms./sec. is altered to 
2°8 x 10° cms./sec. so as to bring Al into line with the other 
radiators in the table. This correction is desirable because Al 
does not appear to conform to the parallel of Stokes’s Law which 
holds in the case of the other radiators. 

Column 2 gives the potential in volts above which an X-ray 
tube supplied with a steady source of potential would have to run 
in order to excite the radiation characteristic of the element placed 
in the same line in Column 1. Column 3 gives the corresponding 


* A result obtained from theoretical considerations by Sir J. J. Thomson in a 
paper on ‘‘ The electrical origin of the radiation from hot bodies,” Phil. Mag. Aug. 
1907. 
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critical velocities of the radiating cathode rays. Column 4 gives 
the absorption coefficients in Al of the characteristic radiations 
concerned*. Column 5 gives the approximate atomic weight of 
the radiators. 


Radiator Potential ox itn? /p Atomic weight | 


hs eae oe 2600 2°8 580 27 
Os See 7320 510 136 52 
Pe ote. ae 9200 5:70 88°5 56 
1 aoeeer ae 10500 6:10 591 59 
7 ae sao ae 10800 6718 47°7 63 
a aeeaee 11000 6°24 39-4 65 
Se, fisiwsen: 14600 7-25 18-9 ig 


It is clear that for the range of experiments included in the 
table the critical velocity is proportional to the atomic weight 
of the radiator. 


* Barkla and Sadler, Phil. Mag. 1908. 
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The Absorption Spectra of the Vapours of some Sulphur Com- 
pounds. By J. E. Purvis, M.A., St John’s and Corpus Christi 
Colleges. 


[Read 13 March 1911.] 


The colour and absorption spectra of a number of sulpho- 
carbonates and sulpho-oxalates of various concentrations in abso- 
lute alcohol have been described by Purvis, Jones and Tasker*. 
Amongst other phenomena, it was shown that the replacement of 
oxygen by sulphur caused a considerable increase in the absorptive 
power of a compound which often results in the production of 
colour; and that definite absorption bands were shown by sulphur 
compounds possessing the following structures :— 


oP Ss. Ss. Sir. 87020 4S. C20 
mec SCC O:CK SOC l | 
0. O. Si Ss.) 20. C20) 282 30 

The vapour of CS, has been shown by Pauert to exhibit a 
series of 24 bands in the region of the spectrum between 43300 
and 42982 when observed in a column 100 mm. long at 20° C. 
And when this substance was examined in an alcoholic solution 
represented by 1 in 200, there was a band ranging between 3290 
to 28000; in a solution of 1 in 100, the band ranged between 
3330 to A2980 ; and in a solution of | in 10, it ranged between 
A3550 to 22750. 

The vapours of four of the sulphur compounds whose solutions 
were examined by Purvis, Jones and Tasker{ have been investi- 
gated in order to ascertain if the single band exhibited by each of 
the solutions were resolved into a series of bands analogous to the 
phenomena observed by Pauer in the case of CS,. 

The author has described the detailed method employed in the 
study of other organic vapours§ and the same apparatus was used 
in the following experiments. 

The substances whose vapours were examined were :— 

Diethyl trithiocarbonate CS (SC.H,),, 

Diethyl thionthiocarbonate CS (OC,H;) (SC_H,), 
Diethyl monothivoxalate COSC,H,.COOC,H, and 
Dipropyl dithiooxalate COSC,H,.COSC,H,. 


* Trans. Chem. Soc. xcvit, 2287. + Wied. Ann. uxt. 376. 
¥ loc. cit. § Trans. Chem. Soc. xcvit. 692. 
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the vapour of diethyl trithiocarbonate at’ various temperatures 
and pressures in a column 200 mm. long. 


+ Pressure 
EtG. | 
in mm. 


13 761 There was complete transmission of rays to \ 2270. 
30 | 805 Rays transmitted to \ 2280; but weak between 3050 and \ 3000. 


45 | 831 Rays only just visible between \ 3070 and \ 2980, and then they 
were transmitted to \ 2295. 


60 861 The rays were absorbed between \ 3125 and 2875, and then 
transmitted to \ 2480. 


75 | 891 | The rays were absorbed between 43250 and \2780, and then 
transmitted to \ 2510. 


90 921 The rays were absorbed between 3340 and 2690, and then 
transmitted to \ 2650. 


100 | 937 There was complete general absorption from \ 3380. 
| 


These results indicate that the vapour exhibited one large 
band which became wider as the temperature and pressure were 
increased, and finally disappeared as a consequence of the over- 
lapping general absorption. 

The vapour of diethyl trithiocarbonate was also examined at 
a constant temperature of 17° C. and at different pressures. More 
of the vapour was introduced into the 200 mm. table than was 
used in the preceding observations, and the following table describes 
the observed phenomena at a constant temperature of 17° C. and 
at the noted ranging pressures :— 


761mm. The rays were absorbed between 43320 and \ 2900, and were then 
transmitted to \ 2480. 


631mm. The rays were absorbed between \ 3290 and \ 2910, and were then 
transmitted to \ 2380. 


331mm. The rays were absorbed between \ 3290 and 2940, and were then 
transmitted to \ 2300. 


31mm. The rays were absorbed between \ 3280 and \ 2950, and were then 
transmitted to 2290. 
These numbers show that when more of the vapour was examined 
at a constaut temperature and at different pressures only one large 
absorption band was observed which became narrower as the 
pressure was decreased. 


Diethyl thionthiocarbonate CS (OC.H,) (SC,H,). The absorption 
band in the vapour of diethyl thionthiocarbonate at various tem- 
peratures and pressures in a column 200 mm. long. 
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eC Pressure 
* |in mm. 


20 773 The rays were transmitted to \ 2300. 


30 817 The rays were transmitted to 2480; but there was a consider- 
able weakening of the rays between \ 3050 and ) 3000. 


45 843 The rays were absorbed between 3070 and \ 2960, and then 
transmitted to \ 2480. 


60 873 The rays were absorbed between 3120 and 2875, and then 
transmitted to 2480; the line \ 2480 being just visible. 


7a 903 The rays were absorbed between 43240 and 2795, and then 
transmitted to 2510. 


90 933 The rays were absorbed between (3290 and 2700, and then 
transmitted to \ 2590. 


100 949 The rays were completely absorbed from \ 3310. 


These results show that the vapour exhibited a single large 
absorption band which became wider as the temperature and 
pressure were increased, and finally disappeared under the over- 
lapping general absorption. 


Diethyl monothiooralate COSC,H,.COOC.H;. The absorption 
band in the vapour of diethyl monothiooxalate at various tem- 
peratures and pressures in a column 200 mm. long. 


a Pressure 
can Caan 
in mm. 


14 775 The rays were transmitted to \ 2295. 
30 819 The rays were transmitted to \ 2320. 
45 845 The rays were transmitted to \ 2380. 
60 875 The rays were transmitted to \ 2480. 


75 905 The rays were transmitted to \ 2520: but they were very weak 
between 3070 and 2980. 


90 935 The rays were absorbed between 3120 and 2900, and were 
then transmitted to 26380. 


100 951 The rays were absorbed between 3230 and \2810, and were 
then transmitted to \ 2640. 


These results show that the vapour exhibited a single large 
absorption band which became wider as the temperature and 
pressure were increased. The band did not disappear as a 
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consequence of general absorption, and this can be accounted for 
by the fact that there was less vapour in the tube than in the 
preceding experiments. 

Dipropyl dithiooralate COSC,H,.COSC;H,;. The absorption 
band in the vapour of dipropyl dithiooxalate at various tempera- 
tures and pressures in a column 200 mm. long. 


| Pressure| 


2TH = 
a /in mm. 


ieee hes The rays were transmitted to \ 2295. 


30 817 The rays were transmitted to \ 2295; but \ 2295 is much weaker 
than at 17° and 773 mm. 


45 843 The rays were transmitted to \ 3315. 


60 873 The rays were very weak between \ 3070 and i 2980, and they 
were then transmitted to \ 2480. 


75 903 The rays were absorbed between 3110 and 2900, and were 
then transmitted to \ 2480; the latter line was just visible. 


90 933 The rays were absorbed between 3170 and \ 2820, and were 
then transmitted to \ 2583. 


100 949 The rays were absorbed between \3240 and 2800, and were 
then transmitted to \ 2590. 


These results show that the vapour exhibited one large ab- 
sorption band which became wider as the temperature and pressure 
were increased. The band did not disappear as a consequence of 
general absorption, and this can also be accounted for by the fact 
that there was less vapour in the absorbing tube than is the case 
of diethyl trithiocarbonate and diethyl thionthiocarbonate. 


General Results. 


It is clear from the above observations that: (1) each of the 
vapours exhibits one large absorption band which widens as the 
temperature and pressure are increased; (2) the band is com- 
parable with the band in the alcoholic solutions as described by 
Purvis, Jones and Tasker* except that the latter is shifted more 
towards the less refrangible regions of the spectrum as a result of 
the damping effect of the solvent on the vibrations or pulsations 
of the molecules; (3) there is no production of a series of narrow 
bands analogous to those observed by Pauer+ in the vapour of 
CS.; (4) the general absorption is shifted towards the less re- 
frangible regions as the temperature and pressure are increased. 


* loc. cit. 1 Lock tte 
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With regard to the origin of the band, it is of some import- 
ance to recall the fact that open chain compounds do not, as a 
rule, exhibit absorption bands; and it is suggested that the origin 
of the band of the described substances may be explained from 
a consideration of the orientation of the —CO groups and the 
sulphur atoms as a closed chain. For example, on this hypothesis 
the formula of dipropyl dithiooxalate would be :— 


C,H,.S—CO H.S—CO 
|| | derived from an acid whose formula wouldbe || __ | 
C,H;.S—CO H.S—CO 
And when one of the sulphur atoms in the fundamental ring 
.S—CO 
Isa 
.S—CO 


is replaced by tetravalent oxygen, the formula of diethyl mono- 
thiooxalate would be :— 
C,H;.S—CO H.S—CO 
|| | derived from an acid whose formula would ie i a 
C,H,.0O—CO H.O—CO 
In the latter case, the maximum valency of oxygen comes into 
action as indicated by the graphic formula. 
A similar explanation may account for the band observed in 
the thiocarbonates. The fundamental closed chain in the case of 
these compounds would be :— 


Ss 
ps 


and the formula of diethyl trithiocarbonate on this hypothesis 
would be written graphically as :— 


C.H;.S 
| ous derived from an acid whose formula would be | | [Dos 


a24p5e* 

When one of the sulphur atoms of the ring is ne by 
tetravalent oxygen, diethyl thionthiocarbonate is produced whose 
formula would be :— 

C.H,.S H. Sv 
CS, derived from an acid whose formula would Lee Ip 
C,H,.0 

It is also to be noticed that the band of diethyl en 

carbonate at 90° C. and 933 mm. pressure is not so wide as that of 


diethyl trithiocarbonate at 90° C. and 921 mm. pressure ; for a dif- 
ference of 12 mm. pressure would hardly account for -a difference 
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of 260 Angstrom units in the width of the bands. Similarly, 
the band of diethyl monothiooxalate at 100°C. and 951 mm. 
pressure is not so wide as that of dipropyl dithiooxalate at 
100° C. and 949 mm. pressure. These differences may be caused 
by the lessened elasticity of the closed rings produced by a 
diminution in the attractive force of the sulphur and oxygen 
atoms when one sulphur atom is replaced by one atom of oxygen, 
and on the assumption of its quadrivalent valency by the oxygen 
in the formation of the rings. In connexion with this line of 
argument, it may be mentioned that in the solutions of these 
compounds, the absorption bands described by Purvis, Jones and 
Tasker (loc. cit.) almost disappear when the aliphatic groups 
are replaced by phenyl groups; and on the above hypothesis, the 
explanation of the phenomena is that the heavier aromatic residues 
damp still further the oscillations or rhythmical pulsations of the 
rings concerned with the absorption of light and so that less light 
is absorbed. 

I have again to thank the Government Grant Committee of 
the Royal Society by whose assistance the spectroscope used in 
this and other investigations was purchased. 
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On the Scattering of Réntgen Radiation. By EK. A. OWEN, 
B.Se. (Wales), 1851 Exhibition Scholar, Trinity College. (Com- 
municated by Professor Sir J. J. Thomson.) 


[Read 20 February 1911.] 


When X-rays fall on a thin radiator, it was found by Bragg 
and Glasson* that a want of symmetry is shown by the secondary 
rays—the intensity on the emergent side being greater than on 
the incident side. It was also observed that the dissymmetry 
depended upon three factors, (a) the nature of the radiator, (b) the 
thickness of the radiator and (c) the state of the bulb, but to 
a greater extent on (a) than on either (b) or (c). Barkla+ and 
Crowther} have examined the distribution of the scattered second- 
ary radiation round a radiator; the former finds that a dis- 
symmetry is exhibited when we get near the primary, whilst the 
latter finds that the dissymmetry is shown at all angles with the 
primary, increasing as we get nearer to it. 

The following experiment was carried on simultaneously with 
the experiments of Barkla and Crowther. The distribution of the 
scattered secondary radiation round a radiator was investigated 
and, in addition, the variation of this distribution with (a) the 
hardness of the primary beam, and (6) the thickness of the radiator. 

We can easily find what distribution to expect on the aether 
pulse theory. On this theory the X-ray is a pulse in the aether 
caused by the sudden stoppage of a cathode particle, this pulse 
being the seat of very intense electric and magnetic forces. 

Let us consider a beam of X-rays falling normally on a thin 
radiator whose absorption is negligible. Suppose # is the average 
electric intensity in the different pulses in this beam. 

Take a pulse in which the electric force is in a direction 
making an angle @ with the horizontal axis OX in the plane of 
the radiator. (See Fig. 1). 

The components of electric force in two directions at right 
angles to each other in a plane, which is normal to any direction 
OP making an angle ¢ with the normal to the radiator, and in 
the horizontal plane ZO.X, are Hsin @ and F'cos @ cos ¢. 

.. Energy of secondary pulse along OP 


oc? sin? @ + E? cos? cos? 8 
oc ky? (1 — cos? @. sin? ). 
* Bragg and Glasson, Phil. Mag. June, 1909. 


+ Barkla, Phil. May. February, 1911. 
{ Crowther, Proc. Camb. Phil. Soc. xv1. 1911, p. 112. 
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This gives the contribution to the energy of the secondary 
pulse along OP due to the primary pulse whose electric intensity 
makes an angle @ with OX. 

*. Total energy of secondary rays along OP 


= KI" (1 — cos? @ sin? d) dé 
0 
= K"(1 + cos? g) = J. 


Fig. 1 


If = z is the intensity when ¢ = = 5» then for the distribution of 


the eae radiation a have ip relation 
= I7(1 + cos’ ¢). 
2 


This is a rare 8 curve about the plane of the radiator 
showing a maximum value which is twice the minimum value. 
The ratio of the maximum to the minimum value has been 
experimentally determined by Barkla* and was found to agree 
very closely with theory. 


Apparatus. 


The X-ray bulb was placed horizontally inside a lead box. 
The beam was limited to a narrow pencil by lead stops placed 
inside a slightly conical lead tube LZ (Fig. 2). The lead tube 


* Barkla, Phil. Mag. February, 1908. 
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extended to about half the distance between the radiator and the 
lead box, in order to reduce the air effect as much as possible. 
The beam fell normally on a filter paper radiator R, which was 
much larger than the cross section of the beam at that point. It 
was suspended from a fixed support over a horizontal circular 
scale which was glued on top of a brass pivot O. A small needle 
was attached to the radiator which enabled the radiator to be 
replaced in exactly the same position each time it was removed. 


lo cells 
Fs tel 


& cells 


> © Wilson électroscope 
Fig. 2. 


The ionization chamber, which was of the ordinary type with 
a central rod electrode, was mounted on a small platform at the 
end of a wooden arm which revolved about O. The central 
electrode was connected to an earthing key and a Wilson tilted 
electroscope, which were all carried with the ionization chamber 
on the small platform. The platform itself was supported by 
wheels which ran smoothly over a plate of glass, so that the leaf 
of the electroscope was not disturbed when the arm was moved 
from one position to the other. The glass plate was carefully 
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levelled so that the sensitiveness of the electroscope was prac- 
tically unaffected by the position of the arm. 

A lead cylinder lined with cardboard was placed, as shown, in 
front of the ionization chamber so as to receive the secondary 
beam from the radiator and cut down the air effect as much 
as possible. The distance from the radiator to the chamber was 
about 50 cm. and the width of the aperture of the chamber about 
7 cm.; the aperture was covered up with a thin sheet of parch- 
ment. The distance from the bulb to the radiator was about 
a metre. The primary beam was standardised by an ordinary 
electroscope # placed so as to receive a portion of the primary 
beam. 

For each position of the arm the following method of taking 
readings was adopted. The standardising electroscope was charged 
up to a definite potential (250 volts). The radiator was initially 
removed and the ionization produced in the chamber due to the 
secondary rays from the air was measured, whilst a fixed deflection 
was observed on the standardising electroscope. The rise of 
potential of the leaf in the Wilson electroscope was directly 
measured by means of a potential divider which was permanently 
connected to the needle of the earthing key. 

The same procedure was repeated when the radiator was in 
position and again when it was removed. The mean of the air 
effect before and after the radiator was put in position was taken 
to be the true air effect. ‘This effect was small in comparison with 
that of the radiator for medium and soft rays, but a little bigger 
for the hardest rays. The difference between the rise of potential 
of the leaf when the radiator was in position and when it was 
removed gave the actual ionization produced by the radiator alone. 

The radiator consisted of sheets of thin filter paper which 
absorbed only a very small fraction of the incident beam. It was 
assumed for the radiators used, that the absorption of the hard 
and medium rays was negligible. The absorption for the softer 
rays, however, was allowed for as follows*. 

If J,, and J, be, respectively, the true intensities of the 
returned and transmitted secondary beams in a direction making 
an angle @ with the primary; /o, and Jo; the observed intensities, 
then we have 


dr (sec d + 1) 
Ts, = 1 — e-M (seeb + 1° Lor; 
7 dr (sec ¢ — 1) gee 


e—Adsec [e—AdG—sec$) = 1] 


where d is the thickness of the radiator. 


* Vide Crowther, loc. cit. 
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In deducing these formulae it was assumed that the absorbability 
of the secondary rays is the same as that of the primary rays. 


The value of be for the soft rays used was 15 for the filter paper 


radiator. 


The results obtained after making the necessary corrections 
for absorption are given in Table I. 


TABLE I. 
Observed values of T,/ 1,2 
Angle of Calculated 
ean with values of (nn (0) ( . = 
5 | c 
Tih MlTap een | Equivalent | Equivalent 
? [=1+ cos? ¢] spark gap | spark gap spark gap 
=f cm. => cme = 2°5 em. 
150° 1io7('3) 1:82 1-80 | 1°83 
140° 1:59 1:59 1-59 | 1:59 
130° 1-41 1°36 1:38 1:42 
120° 1-25 1-11 tas E10 
60° E25 1:21 1bo335) — 
50° 1:41 1:38 1:69 1199/2 
40° 1°59 1°59 2-09 2°30 
30° eds 1-76 219 oll 


| | | | 


Column (a) was obtained when radiator consisted of 12 sheets, and 
columns (}) and (c) with 24 sheets. 


The distribution on the incident side of the radiator in each 
case agrees closely with the theoretical distribution given by the 
relation J,=J7(1+cos’¢). In the case of the hardest rays, the 

2 


same theoretical distribution is also obtained on the emergent side 
for the positions examined. A dissymmetry, however, appears 
when the rays become softer, and this increases with the softness 
of the rays. It should be noticed that this dissymmetry is shown 
for all angles on the emergent side of the radiator. 

The results are represented graphically in Fig. 3. 

Experiments were made with radiators of different thicknesses, 
keeping the equivalent spark gap constant. In these cases only 
the readings at 30° with the primary on each side of the radiator 
were taken; these are given in Table IL. 

Hence the dissymmetry varies slightly with the oe 
of the radiator—the relative intensity on the emergent side 
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increasing with the thickness. If, however, we continue to in- 
crease the thickness of the radiator beyond a certain limit the 
dissymmetry becomes less pronounced. 


(<) 
(b) 


Fig. 3. 


A possible explanation of the foregoing results is that the 
softer rays in the primary beam are irregularly refracted and become 
diffused. This effect superposed on the true scattered secondary 
rays would give an intensity which is greater on the emergent 
than on the incident side of the radiator for corresponding angles 
with the primary. 


TABLE II. 
Equivalent spark gap=4°5 cm. Equivalent spark gap=2°5 cm. 
| Thickness of I Thickness of I 
radiator in sheets | 22 radiator in sheets ae 
of filter paper I, | of filter paper I, 
24 15 12 1-44 
| 48 1-75 24 1-74 


Experiments are in progress in which homogeneous rays are 
used for the primary instead of a beam direct from the X-ray bulb. 

Iam greatly indebted to Professor Sir J. J. Thomson for the 
encouragement he has given me and the keen interest he has 
taken in the work. 


a 
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On the Velocities of the Electrons produced by Ulira-Violet 
Tight. By A. Ll. Huaues, M.Sc. B.A., Research Scholar of 
Emmanuel College. (Communicated by Professor Sir J. J. 
Thomson. ) 


[Received 27 March 191 t) 


An accurate knowledge of the relations between the velocities 
of the electrons emitted from metals and the nature of the light 
and of the metal is essential for testing the truth of the different 
theories of the photo-electric effect. The velocities determined 
by experiment can only be employed with safety in the theoretical 
discussion of the photo-electric effect when we are satisfied that 
they are the actual velocities of emission from the molecules. 
The velocities of the electrons emitted by metals have been 
measured by Lenard*, Ladenburg+ and Millikan and Winchester?. 
The results obtained show considerable discrepancies, far larger 
than any possible error of experiment. The most probable ex- 
planation is that there is some kind of a film, probably of gas, 
present on the surface of metals which retards the electrons. It 
is hardly likely that the various methods of polishing the surfaces 
would leave the film in exactly the same condition. The velocities 
(expressed in volts) obtained by Ladenburg were 1°12 volts for 
Zn, 1°69 volts for Cu and 1°86 volts for Pt, using light of wave 
length 22010. 

v. Baeyer and Gehrts§ tried the effect of passing a dis- 
charge through the apparatus while it was being exhausted and 
found that, after this treatment, the maximum velocity was 63 
volts for all the metals tested (Al, Cu, and Au). The shortest 
wave length emitted by the mercury lamp was taken to be 
2000. They found that the energy of the electron was given by 
the formula, 

eV =hn, 
where e= 469 x 10 E.8.U., 
h = 655 x 10” erg. sec. (Planck’s unit), 
n= frequency. 


According to this formula, V (the potential required to bring the 
electron to rest) is 6°3 volts for light of wave length 12000. They 
considered that this agreement between theory and experiment 


* Ann. d. Phys. vu. 1902, p. 152. 

t+ Verh. d. D. Phys. Gesell. 1907, p. 166. 
+ Phil. Mag. x1v. 1907, p. 188. 

§ Verh, d. D. Phys. Gesell. 1910, p. 870. 
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indicated that the surface film had been removed completely. On 
allowing the metal to stand in a “charcoal liquid air” vacuum, 
they found that the velocity gradually diminished and suggest 
that this is due to the formation of a surface film, probably of H, 
diffusing from the interior of the metal. 

With a view to finding the true velocity of emission from the 
molecules, I have made experiments using surfaces which have 
been subjected to special treatment. The variations in the 
velocities after different kinds of treatment may be considered 
to be evidence of changes in the supposed surface film. The 
experiments tried include the effect of using the metal as anode, 
as cathode, of allowing the metal to stand in different gases and 
of preparing the metal surface by distillation im vacuo, wherever 
practicable. The source of light was a mercury are in fused 
quartz. The limit of transparency of this may be taken to be 
about 2000. 


Nickel. 


The apparatus (similar to that used by v. Baeyer and Gehrts) 
for measuring the velocities of the electrons is shown in Fig. 1. 


inieaa ie to electroscofie. 
Fig. 1. 


The case is earthed and the positive potential to which the plate 
rises is observed. All velocity measurements were made in a 
liquid air vacuum. The velocity obtained for each of two polished 
discs of Ni, without any special treatment, was 2°08 volts. 

On using the Ni as cathode, it was found that the velocity 
rose considerably, usually to about 5 or 6 volts. Attempts were 
made to find the conditions under which the greatest increase was 
obtained. About sixty tests were made; the Ni was run as 
cathode for periods ranging from 5 to 60 mins., the pressure and 
nature of the gas used in the discharge were varied, and also the 
intensity of the discharge, but it could not be shown that any one 
of these factors had an appreciable influence upon the resulting 
velocities. Only five velocities higher than 6 volts were obtained, 
viz. 6°04, 6°60, 5°38, 6°40 and 6°74 volts. It was found that these 


a 


a 
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high velocities did not remain constant; there was a gradual 
decrease with the time. Three examples are given in the table. 


Interval Interval Interval 
between Velocity between Velocity between Velocity 
readings readings readings 
38 he Rang f 
ae 6 ge volts Fe ee salle volts Ob aia: 6:04 volts 
15 hours oes 21 ee 125 Let 
48 eye es 98 % AOL ss i Woe Sans 
2 J92 5 135 Hs 4:50) '',, 
ours| 9.94 = 


Running the Ni as anode, after a high velocity had been 
obtained, appeared to have but little effect on the velocity. 

Some interesting results were obtained on admitting different 
gases into the apparatus. The Ni was used as cathode in order 
to get an increased velocity, this was measured and then the gas 
was admitted at a pressure of 10 cms. for 10 mins. The results 
for O,, CO and H, are given in the following table. 


eae ote use Velocity after contact with gas ea in 
5:06 volts oe ae 3°54 volts 1°52 volts 
O 13 hours later 3:74 ,, 
2 
le-74 ,, Pegs 8 550" 1-44, 
100 mins. later 5°52 ,, 
90 mins. later 5:40 ,, 
CO 4:54 ,, = ae 3°84 ,, Ae 
30 mins. later 3°94 ,, 
4-26. ,, ra ae ALG SOG 
H, 40 mins. later 4:12 ,, 
[5-90 ,, ting tes Ghee eee 
fives.) |) 2°20 cms! for 
| | | 40 mins. 


VOL. XVI. PT. II. 2 
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It will be noticed that O, produces the greatest reduction and 
H, the least. A peculiar feature is that after the gas has pro- 
duced a decrease in the velocity, a small but decided increase 
follows. It might be urged that the first reading was taken before 
the high vacuum was fully established. To test this, the velocity 
was measured in a liquid air vacuum (< ‘0005 mm.) and then at 
a pressure of ‘019 mm. air (free path of an electron 2°5 cms.) and 
the difference was not greater than ‘02 volt. The pressure was 
always taken down to about 03 mm. by a Toepler pump before 
communication with the charcoal tube was made. As readings 
were not taken until 10 mins. had elapsed, there was ample time 
for a sufficient exhaustion to take place. 


Copper. 


The emission velocities obtained for three different discs of 
polished Cu before using them as electrodes were 1:46, 1°32 and 
1:66 volts. 

The effect of running the Cu as cathode was almost always to 
increase the velocity. As in the case of the Ni, the amount by 
which the velocity altered varied to a great extent in different 
experiments and could not be connected with any of the conditions 
governing the discharge. The greatest emission velocity obtained 
for Cu was 444 volts. On allowing the Cu to stand in the vacuum 
a gradual decrease in the velocity was observed. 

The effect of using the Cu as anode was to reduce the velocity 
usually below the normal value for polished Cu. The following 
table gives the results of using the Cu as an anode for 5 mins. 


| 


Velocity before use as Velocity after anode 


| 
anode 
| | 
| | 
4:44 volts aoe ce 1-72 volts 
10 mins. later 1:96 ,, 
2°38 ,, ay. ae eae 
2 hours later 1:02 ,, 
14 Be ~ oF 1-08 _,, 
942 ,, As we ‘92 ez 
20 mins. later 1:04 ,, 


The gas used while the discharge was taking place was O, in the 
first three experiments and H, in the last experiment. 
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Experiments were made on contact with O, and H, as in the 
case of the Ni. There appeared to be no definite diminution in 
the velocity after contact with H,, while a decided reduction was 
observed after contact with O,, though it was not so marked as in 
the case of the Ni. This was to be expected, since the velocities 
obtained after use as cathode were usually about 2 volts less with 
the Cu than with the Ni. 


Zine. 


It has been tacitly assumed that the velocities obtained from 
ordinary polished metals are less than the true velocities of emis- 
sion from the molecules on account of a retarding surface layer. 
Some doubts may be expressed as to the view that the effect of 
using a metal as an electrode is simply to remove, partially or 
completely, the surface film, and it is therefore desirable to try 
some other method of obtaining a surface free from this film. 


Fig. 2. 


It was found that surfaces of Zn and Cu could be prepared by 
distillation an vacuo. A new form of apparatus had to be designed 
for experiments with distilled metals (Fig. 2). The maximum 
velocity of the electrons from the plate P was given by the 
smallest positive potential necessary to stop the electrons from 


12—2 
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entering the Faraday cylinder. The metal to be distilled was 
placed at the bottom of the glass tube at M. When the metal 
was first heated some gas was evolved and for this reason the 
plate P was not turned downwards until the evolution of gas had 
practically ceased. The distillation always took place in a liquid 
air vacuum. 

Two different samples of Zn were used for distillation. The 
velocities of emission from the two distilled surfaces were 2°20 
volts and 2°28 volts. The velocities changed but very little with 
the time; after standing for 17 hours in a high vacuum the 
velocity diminished from 2°20 to 2°15 volts. On admitting H, 
at 10 cms. for 10 mins. to the apparatus no change was observed. 
On admitting O, at 10 cms. for 10 mins. the velocity changed from 
2°24 volts to 1°83 volts. After an interval of 30 mins. it rose to 
1:94 volts at which it remained. After two days’ exposure to air 
at atmospheric pressure the velocity fell to 1:66 volts, which is 
still appreciably higher than Ladenburg’s value for polished Zn, 
viz. 1:12 volts. 

An electrode was introduced at M and a discharge could be 
passed between it and the plate P in the dotted position. After 
running the distilled Zn surface as a cathode, the velocity increased 
considerably, the highest value obtained being 5°76 volts. The 
velocities so obtained decreased very rapidly with the time, after 
4 mins. the velocity was 5:4 volts, 7 mins. later it was 5°0 volts. 
This rapid decrease was always noticed. 

As before, the presence of H, had no appreciable effect on the 
velocity, while O, at 10 cms. for 10 mins. reduced the velocity 
from 3°86 to 2°80 after which it rose to 2°98 volts. 


Cadmium. 


Two specimens of Cd were used for distillation. The first was 
ordinary commercial Cd and the second was Cd obtained by pre- 
cipitation by Zn from a gas-free solution of cadmium iodide. 

The velocities obtained after three different distillations were 
2°01, 1:93 and 2°05 volts, the latter being for Cd from the solution, 
As with the distilled Zn, there was but little change in the velocity 
with the time. The reduction of the velocity by O, was of the 
same order as in the case of the Zn. 


Mercury. 


For experiments on mercury distilled in vacuo, the glass portion 
of the apparatus in Fig. 2 was removed and a more suitable arrange- 
ment substituted. Two distillations were made aud the maximum 
velocities were found to be 2°12 and 2°22 volts. 


— 
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Discussion of Results. 


It is somewhat difficult to find a reliable criterion to decide 
whether a surface is free from any retarding film. On general 
considerations, one might expect that a surface prepared by dis- 
tillation *n vacuo would more likely be free from a surface film 
than a surface which had been treated by a discharge. The latter 
process might conceivably involve the deposition of a film charged 
relatively to the surface which would (positive layer outside) 
accelerate the electrons emitted from the metal. The distillation 
process is entirely free from an objection of this kind and it is 
more satisfactory in one respect, viz. that it can be carried out in 
a better vacuum. It seems hardly likely that the surface film can 
be carried over, even partially, in the process of distillation, and 
finally appear on the surface of the distilled metal. One fact 
favourable to the distillation method is that the increased velocities 
obtained are much more constant and remain steadier than the 
values obtained after a discharge. Assuming that the increased 
velocities after a discharge are produced by an accelerating film 
one would expect this to break up more rapidly than a film would 
form in vacuo on a surface initially free. 

On comparing experiment with one form of the theory, it 
appears that the evidence is in favour of regarding a film as being 
removed when a discharge has resulted in a velocity of 6°3 volts. 
It was mentioned above that v. Baeyer and Gehrts obtained 
velocities after a discharge which were in agreement with Planck’s 
theory. It must be remembered, however, that there was an 
assumption that the whole of the energy fn in the light unit 
is given to the expelled electron. On consideration of the great 
variations in the velocities which I obtained after using the nickel 
as an electrode, doubts may be expressed as to whether still higher 
velocities might not be obtained by this method, apart from 
theoretical predictions. Using the same source of light as 
v. Baeyer and Gehrts, I obtained on four occasions emission velo- 
cities greater than 6°3 volts, the highest being 6°74 volts. If 
Planck’s theory is applicable in the form given above, this would 
require the fused quartz of my mercury lamp to transmit as far 
as 1860. 

Joffé* examined Ladenburg’s results and found, on plotting 
the energy of the electrons against the frequency, that a straight 
line was obtained which, however, did not pass through the origin. 
From the point where the line cuts the axis of energy it may be 
concluded that there was a surface double layer, the ditference 
of potential being about 1 volt. Now the velocity obtained by 


* Ann. d. Phys. xxiv. 1907, p. 939. 
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Ladenburg for Zn was 1:12 volts. If the retarding layer were 
absent, the true velocity of emission would be about 2:1 volts, 
which is approximately the same as that which I obtained for 
distilled zinc. The gradient of the line connecting energy and 
frequency implies that only a part of the energy in the hght unit 
is given to the electron. To settle the question it is desirable to 
measure the velocities corresponding to different wave lengths 
using distilled metals as the illuminated surfaces. If the line 
obtained passes through the origin, it will be strong evidence that 
the retarding layer is absent. 

The gradual decrease in the velocity of emission after a big 
value had been obtained was suggested by v. Baeyer and Gehrts 
to be due to some gas, probably hydrogen, diffusing out of the 
metal and slowly forming a surface film. The experiments re- 
corded above do not support this view, as the emission velocities 
were least affected by hydrogen. Oxygen was found to produce 
a marked decrease, which, however, was followed by a slight 
increase. This suggests that the film formed in this way is not 
so tenacious as the film on ordinary surfaces. 

I wish to thank Professor Sir J. J. Thomson for his interest 
and suggestions during the course of the work. 
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A simple form of Electrical Resistance Furnace. By F. E. E. 
Lamp.LoucH, M.A., Trinity College. 


[Read 13 March 1911.] 


Tn order to measure the freezing points of certain salts attempts 
were made to construct an electrical resistance furnace. In such 
a furnace there are no reducing gases nor hot products of com- 
bustion, and the labour and noise of blowing and consequent 
attention are obviated, whilst the rate of cooling is under complete 
contro], making the furnace most useful for determining freezing 
points and arrests and for annealing, etc. 
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MAGNESIUM OXIDE 


Around a porcelain crucible of about 5 cms. diameter and 
11 ems. length a coil of platinum wire or ribbon was wound. 
For one furnace about 3 metres of platinum wire ‘33 mm. dia- 
meter was used, and this was rolled out slightly to make a very 
narrow ribbon, the leads being three strands of the same wire. 
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The separate turns were about 4mm. apart, and were held in 
position by a paste of fireclay, magnesia and water applied to the 
crucible so as just to cover the wire, the ends being secured as 
shown in the diagram by winding round two pieces of clay pipe- 
stem attached by fireclay to the crucible. The lead from the 
lower end of the coil was brought up through one of these stems. 
When dry and hard the whole was placed in a large Battersea 
crucible and tightly packed in with magnesia which had been 
previously ignited at a high temperature, the magnesia being 
held in by a covering of fireclay. Such a furnace gives a tem- 
perature of 1200°C., and to maintain at this temperature an 
expenditure of about 450 watts is required, and much less at 
lower temperatures. 


ake Sina i 
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On an attempt to detect Diffusion in a Pencil of Réntgen Rays. 
By J. A. Crowruer, M.A., St John’s College. 


[Read 13 March 1911.] 


The experiments described in the following paper were under- 
taken in order to discover whether a narrow pencil of Réntgen 
rays suffers any direct diffusion or irregular refraction in passing 
through matter. In a previous paper* I have investigated the 


Fig. 1. 


distribution of the scattered Réntgen radiation round the radiaton 
and have shown that there is a lack of symmetry in the scattered 
radiation which would not have been expected from the simple 
theory of the phenomenon. The results obtained are shown in 


* Camb. Phil. Soc. Proc., Noy. 1910. 
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Fig. 1. Here the radiator is supposed to be at R, and the in- 
tensity of the scattered radiation in any direction is given by the 
length of the vector drawn from R in that direction. The primary 
beam is in the direction of the arrow. The dotted curve gives the 
theoretical distribution to be expected on the simple theory; the 
full curve represents the results actually obtained with a radiator 
of aluminium, ‘308mm. thick. It will be seen that the experi- 
mental curve for the forward loop lies entirely outside the theo- 
retical curve. The forward radiation is at every angle greater 
than the returned. 

Barkla*, who has more recently published some measurements 
of the same phenomenon, only obtains this dissymmetry in 
directions very close to the primary beam; but Owen+, who has 
repeated my experiments in the Cavendish Laboratory, has 
obtained results which for soft radiations confirm those which 
I obtained. 

The form of the experimental curve suggests that the radiation 
measured is of two kinds: (1) the true “scattered radiation dis- 
tributed according to the theoretical formula, (2) a superposed 
radiation from some other source, the intensity of which diminishes 
continually as we get further away from the forward direction of 
the primary beam. If two sources of radiation exist, the type of 
rays they cause to be emitted must be the same, as there 1s no 
appreciable difference in the absorbability of the forward and 
backward radiation. 

It has been suggested that the cause of the dissymmetry might 
be found in a diffusion or irregular refraction of the primary rays 
by the substance of the radiator. Let us suppose that the primary 
Roéntgen pulse in passing through the field of an atom is deflected 
through some small angle a. The direction of this deflection will 
be perfectly arbitrary, and, the atoms being sufficiently numerous, 
we can compound these arbitrary deflections by means of the 
theorem due to Lord Rayleigh on the composition of random 
displacements. It can be shown that the probability of a dis- 
placement between the angles @ and 6+dé@ is 


Nie ge 
Pa @. dé, 
na” 


where n is the number of atoms traversed by a pulse in passing 
through the radiator; and the probability of a deflection greater 
62 
than @ is given by e ™. 
If we now assume that the difference between the experimental 
and the theoretical curves for the scattered radiation is due to an 


* Phil. Mag., Feb. 1911. 
+ Camb. Phil. Soc. Proc., 1911. 
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effect of this nature, we can from our curves obtain a value for the 
latter quantity, and thus calculate the value which the constant na 
must have in order to account for the effects observed. From the 
value of the constant so obtained we can then calculate what value 
the radiation should have at any angle with the primary beam due 
to this diffusion. This intensity will increase as we approach the 
primary beam. Experiments made close to the primary beam 
should therefore enable us to decide whether any appreciable 
ditfusion exists, and whether it is sufficiently great to explain the 
dissymmetrical distribution with which we have been dealing. 


TABLE I. 

6 IE sin 6 Isin @ 
Zealtechy 11-4 | 026 | 0-30 
*4° | 11-4 069 0:69 
Die | 10:5 423 4-45 
30° 9-98 500 4-94 
40° 4-93 643 lui 
60° 3°34 ‘866 2-90 
70° 2°88 940 2°79 

HALO) 2-40 -940 2-26 
130° 2-92 ‘766 Dena: 
ila 3°30 674 1:90 


* These figures are deduced from the measurements in the present 
paper. 


Table I, which is taken from a previous paper, contains the 
experimental numbers for an aluminium radiator 0:0308 cm. thick. 
The first column gives the angle 6 between the primary beam and 
the mean direction in which the intensity of radiation is measured ; 
the second column gives the measured intensity Z of the radiation 
through a given small area in this direction, corrected for the 
absorption of the primary and secondary radiation. The whole 
intensity of radiation in the cone between the angles 6 and 6 +d0 
is proportional to Jsin@. The values for this quantity are given 
in the last column of the table. Plotting these values against the 
corresponding values of 0, we get a figure (Fig. 2), the area of 
which measures the whole scattered radiation round the radiator. 

On the assumptions made, some of the diffused beam would 
be present even in the radiation returned from the radiator. Its 
amount would be very small, and in order to obtain a minimum 
value for the amount of diffusion necessary, we will neglect it, and 
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regard the returned radiation as being purely scattered. The 
scattered radiation in the forward half of the figure will therefore 
be represented by the lower curve which is the mirror image of 
the curve for the return radiation, in the plane @=90°. The 
whole area of the curve gives the whole intensity of scattered radia- 
tion as measured in the previous experiments. The area included 
between the two curves and the ordinate 6 = 30° gives the inten- 
sity of the radiation beyond 30° which we propose for the present 
to ascribe to the diffusion of the primary beam by molecular 
e 


refraction. On these assumptions its value is Je ™*, where 6 =30°. 


Plotting the curves on squared paper and measuring up the 
areas we find that the outstanding radiation beyond the angle of 
30° is 0:095 of the whole area of the curve. The radiation to be 
ascribed to diffusion is therefore 0°095 of the total radiation 
measured. It has been shown in a previous paper* that the in- 
tensity dS of the scattered radiation from an element of mass per 
unit area dm is given by 


dS =k.I.dm, 


* J. A. Crowther, Proc. Roy. Soc., A, Ixxxv. p. 30, 1911. 
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where J is a constant whose value has been found to be about 1:1. 
The figures given in the table have been already corrected for 
absorption; we may write therefore 
Sid lhe Bie 
The density of aluminium being 2°7, and the thickness of our 
radiator 0:0308 cm.; m is equal to 0°083 gm. per sq. em. We 
have therefore 
S='083 x 11x J, 
= ‘090 J). 
Hence the residual radiation which is equal to ‘095 S equals 
2 


‘095 x ‘090. J,, that is (0085 Z,. Equating this to Te ", where 
@ is now 30° (or ‘53 radian), we have 
@2 
Te 7 =:0085 I, 
e ® —-0085, 
noe = ‘057. 


With a constant so small as this, it was evident that a very 
small diffusion of the primary beam would suffice to account for 
the observed effects, and that special apparatus would have to be 
devised to detect it. It was calculated that an intensity of between 
1°/, and 2°/, of the primary beam was all that could be expected 
between angles of 1° and 2° with the primary beam. 


Fig. 3. 


Before proceeding further with the calculations it will be 
necessary to describe briefly the apparatus employed. It is shown 
diagrammatically in Fig. 3. In the earlier experiments on scatter- 
ing, a certain amount of trouble had been experienced, especially 
as the direction of the primary beam was approached, from the 
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scattered radiation from the air. It was decided therefore to have 
the path of the primary beam from the focus tube to the ioniza- 
tion chamber in a vacuum. AAAA is a rectangular brass box 
30 x 10 x 4cms., one end of which is closed by an aluminium 
window W. At the other end of the box a narrow slit w, also 
closed with thin aluminium foil, serves to admit the primary rays 
from the focus tube #. At the centre of the box a second slit 
a, 1:2cms. long by 0°20 cm. wide and placed parallel to the slit w, 
serves to limit the primary rays to a narrow rectangular beam. A 
lead shutter with a narrow slit m, 3:45 cms. long by 0:23 cm. 
wide, can be moved across the window W by means of a screw S 
with a graduated head; its direction of motion being at right 
angles to the primary beam. 

The intensity of the radiation emerging through the slit m is 
measured by means of a Wilson electroscope connected to the 
ionization chamber C. A second chamber P serves to standardise 
the primary rays. 

The radiator R is mounted on a rod working in an air-tight 
joint J, and can be inserted or removed from the path of the rays 
by turning the handle H. The whole box can be evacuated 
through a side tube 7. 

Measurements were made for various positions of the slit m 
as it was moved gradually across the primary beam. When any 
portions of the primary beam itself were included in the area 
covered by the slit it was necessary to insert additional capacities 
into the electroscope system of from ‘001 to ‘005 microfarads. The 
capacity of the electroscope system itself was compared directly 
with these capacities by the method recently described by 
N. R. Campbell in the Philosophical Magazine. Knowing the 
ratios of the various capacities, the ratios of the ionization currents, 
and therefore of the intensities of the radiations, could be im- 
mediately obtained. The results obtained for different positions 
of the slit are given in Table II. 

The first column of this table gives the position of the slit m 
in terms of the scale reading of the screw S. The second and 
third columns give the intensity of radiation passing through the 
slit when in the given position without and with the radiator. 
These values have been corrected for the variations in the intensity 
of the primary beam, as given by the ionization chamber P. In 
the case of the readings outside the range of the primary beam, 
correction has also been made for the spontaneous ionization in 
the chamber C. 

Taking first the readings made without the radiator, in order 
to get some idea of the nature of the primary beam, we find that 
the intensity is at first practically zero. There is always a small 
outstanding effect after correcting for the spontaneous ionization, 
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but it is very small and is probably due to some scattered radiation 
from the edges of the slits. If now we move the slit in towards 
the primary beam we find that the intensity remains constant 
at this small value until we reach a position between the scale 
readings 6:90 and 6°85. Here the intensity suddenly becomes 
appreciable and increases very rapidly as we move our slit further 
and further across the primary beam. A maximum is reached at 
about 6°60, and the intensity then falls off again, regaining its 
initial small value between the positions 6°26 and 620. 


TABLE II. 
. . . 
BaiOnVOr Intensity of Radiation 
Shutter 
Without Radiator | With Radiator 

7°50 “00004 ‘00014 

6:90 00004 ‘00014 

6°85 -00180 00129 

6:80 “050 031 

6°70 163 114 

6°60 "445 363 

6°50 396 282 

6°40 160 "100 

6:26 °00225 ‘00176 

6:20 | “00004 700014 

6:10 00004 “00014 


Regarding the source of the primary rays as a point situated 
on the anti-cathode, the cross section of the primary beam in the 
plane of the shutter will be a rectangle 2°8 mm. in width. Our 
measurements show that the centre of this rectangle must occupy 
the position given by the reading 6°56 on the scale of the screw. 
The rapid falling off of this intensity as we pass away from this 
position shows that there is very little of the primary radiation 
outside the limits of the geometrical image. Assuming that the 
primary rays are distributed uniformly over the area of cross 
section (which our measurements show to be at any rate ap- 
proximately the case), we can proceed to calculate the intensity 
to be expected across the slit m in any given position when the 
given radiator is placed in the path of the primary rays. 

Let O (Fig. 4) be a point on the radiator in the path of the 
primary rays, and let 7 be the intensity of the primary radiation 
through a small area at O. The intensity of the diffuse radiation 
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from this small area included in the conical shell bounded by the 
angles @ and @ + dé is given by 


62 
V e .e nif, dé. 
noe 
This can be written 
p Aa esate: ale FS 


+o ue gee? sin 6 27’ 
where dq is the solid angle in the conical shell. 


I 
ee ee 


Fig. 4. 


As we are dealing only with positions of the slit very close to 
the primary beam, @ is always small, and we can write 6/sin @ as 
unity. The intensity in the conical shell thus becomes 

ea 
TNA 

Let O be taken as the origin of co-ordinates, and the direction 
of the primary ray through O as the axis of Z. Consider a small 
area dx. dz of the slit m situated at a point A with co-ordinates 
x,y, Z, Where z will be the distance of the plane of the shutter 
from the radiator. Then for this area we have 

Peet dz. dy 


2 


.e ne da, 


cos 0, 
72 


where @ is the angle ZOA, and cos @ = ———_—.. 
a+ a? a 
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But z is very large compared with the distance of the slit from 
the primary beam, and with the dimensions of the slit; we may 
therefore write cos 0 = 1, without introducing an error of more 

Va ; 
than 2°/,. Similarly we may put pages The whole 
intensity of radiation through the slit m due to the diffuse 
radiation from the small area at O is therefore 
z Pay Oe _ ety 
[= —— 4 | e 2.ne. da. dy, 
Ee Ake oe Gs 
where @,, @2, b,, b, are the co-ordinates of the edges of the slit m. 
This integral may be written in the form 


4 a a by Se gl 
T= — e 2.ne2 da x| e 2. naz dy. 


2a. na J a, by 


Putting ¢ = ——x and t= ~ respectively in the two inte- 
Z M nae Z iad no? 
grals, we have 
F Be) ely is 
U z Vna? 2 Vnot _49 
T=. 2. nae | Rene Ge te a eee 
2a. na ane J MAS: 
z Vne z V nat 
or writing K («) for the value of the function 
= |" e-P dt 
Vr 


we have finally 


} : dees) 
1=3|K 7.) -K(—$.)] | x 7 -) - K ) 
4 ¢ re zV nee ; ee V noe ; ba Vina). 


The values of K (x) can be ascertained directly from a table 
of probability integrals. Substituting the values for the constants 
@,, A, b,, b,, and the calculated value of the constant na’, we can 
at once find the intensity of radiation to be expected from any 
given point in the radiator. 

The area of the radiator struck by the primary beam is 
not indefinitely small. Strictly, we should integrate again over 
the area of the radiator which is under the influence of the 
primary beam. This could easily be done by graphical methods. 
On substituting the constants, however, it is found that the value 
obtained does not vary very much over the very small area of the 
cross section of the primary beam. Thus taking na?= ‘057 as the 
value which this constant must have in order to account for 
the dissymmetry observed, and taking the slit in the position 
given by the scale reading 6:90 cm., we find that the intensity 
over the area of the slit m from an area situated at the very 
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centre of the cross section of the primary beam should be ‘0201 J, 
where J is the intensity of the primary beam through that area. 
If the area had been taken on the edge of the primary beam 
nearest to the slit m, this intensity would have risen to 0206 J; 
while for the further edge it would have fallen to 0199 J. Simi- 
larly, proceeding up the cross section of the primary beam the 
intensity of the diffuse radiation only falls off from ‘020J to 
‘019 J. For our present purpose it will be quite sufficient to 
take a mean value. We thus find that in order to account for 
the dissymmetry actually observed in the scattered radiation, 
the intensity of the radiation over the area of the slit m in the 
position 6°90 cms. on the screw scale, or 0°34.cm, from the centre 
of the primary beam, should be ‘0207 or just about one-fiftieth 
of the intensity of the primary beam. 

We have not considered the effect of the absorption of the 
rays in the radiator on the measured intensity. Since the slit 
is so near the primary beam the path of the diffuse radiation and 
of the primary radiation in the radiator is practically the same. 
As the tivo radiations are identical in type the absorption must 
therefore be the same for both. We can therefore correct for this 
absorption by taking as the value of J the intensity of the primary 
radiation as measured through the radiator. As the slit m had a 
smaller width than the cross section of primary beam in the plane 
of the slit we must multiply the value observed by the ratio of 
the two, t.e. by 2°8/2°3, in order to obtain the total intensity of 
the primary beam. 

Turning to the last column of Table II we find that the 
measured intensity of the primary rays after transmission through 
the radiator is 363 in the units adopted for this experiment. 
The total intensity of the transmitted primary rays is therefore 
‘363 x 2°8/2°3 or 44. The intensity of the radiation through the 
slit in the given position should therefore be *44 x ‘020, or ‘0088 in 
the units of the experiment. Turning again to the last column of 
Table II we see that the intensity actually observed with the slit 
in this position (6°90 ems.) is only ‘00014, or not more than 2°/, 
of the required intensity. It seems therefore that the dissymmetry 
of the scattered radiation cannot be ascribed to a diffusion of the 
primary by an irregular molecular refraction. 

The test is even more severe than it appears, as in order to 
obtain as large an effect as possible, a much thicker radiator 
(0°63 gm. per sq. cm.) was employed in these diffusion experiments 
than was used in the previous experiments on the scattered 
radiation. 

The present experiments enable us to complete our curve for 
the distribution of the scattered Réntgen radiation in the neigh- 
bourhood of the primary beam. The results have been included 
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in Table I. They show that the scattered radiation does not 
increase indefinitely as the primary beam is approached, but that 
the distribution curve forms a double loop as shown in Fig. 1. 


SUMMARY. 


Experiments have been made on the scattered Réntgen radia- 
tion from a radiator in directions very close to the primary beam. 
It has been found that the distribution of the scattered radiation 
is not consistent with the supposition that the dissymmetry 
observed in the distribution is due to an irregular refraction of 
the primary beam by the atoms of the radiator. 
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Further Experiments on Scattered Roéntgen Radiation. By 
J. A. CrowTHER, M.A., St John’s College. 


[Received 4 April 1911.] 


The following note gives a brief summary of the further 
experiments which have been made to investigate the dissym- 
metry observed in the distribution of the scattered radiation from 
a radiator under the action of a beam of primary Réntgen rays. 

(1) Attempts have been made to influence the distribution 
of the scattered radiation by a strong magnetic field. The radiator 
was placed between the poles of a strong electro-magnet and 
measurements were made of the scattered radiation in various 
directions with and without the magnetic field. Within the 
limits of experimental error no difference could be detected be- 
tween the two sets of readings. The maximum field applied was 
2500 gauss. 

(2) Similar experiments were tried with electric fields. A 
paraffin radiator coated on each side with aluminium leaf to make 
electrical contact was used, but although fields of as much as 
22,500 volts per cm. were applied no difference could be detected 
in the scattered radiation with and without the field. 

It is possible that under more severe conditions some effect 
might be observed. The experiments are being continued. 


Professor Nuttall, The adaptation of Ticks ete. 189 


The adaptation of Ticks to the habits of their Host. By Pro- 
fessor NUTTALL. 


[Read 20 February 1911.] 


A survey of our present knowledge of the structure and biology 
of the Ixodoidea appears to warrant certain conclusions. These 
must, however, be regarded in part as provisional and subject to 
revision when our knowledge of the various species of ticks has 
become more extended. The views here expressed may prove 
of practical use in the study of the zxodidae. 

The Argasidae represent the relatively primitive type of ticks 
because they are less constantly parasitic than are the Jzxodidae. 
Their nymphs and adults are rapid feeders and chiefly infest the 
habitats or resting places of their hosts. In certain Argasidae 
(O. moubata and O, savignyi) the disadvantage of their possessing 
an “active” larval stage has resulted in the development of an 
“inactive” larva, z.e. the young nymph being the first to suck 
blood. In O. megnini we have a considerable adaptation brought 
about by the difficulty there must be in the tick entering the 
small aperture of the ear more than once. Owing to the Arga- 
sidae infesting the habitats of their hosts, their resistance to pro- 
longed starvation and their rapid feeding habits, they do not need 
to bring forth a large progeny, because there is less loss of life, as 
compared to Ixodidae, in the various stages prior to their attaining 
maturity. 

The Jodidae are more highly specialised parasites than the 
preceding. The majority (Group Metastriata) are parasitic on 
hosts having no fixed habitat, and consequently all stages, as 
a rule, occur upon the host. In the genus Jxodes (Prostriata) we 
find an adaptation of certain species according to the habits of 
the hosts upon which they are parasitic. In the species which 
usually occur upon wandering hosts both sexes are found upon 
the host, whereas in other species which occur on hosts possessing 
more or less fixed habitats the males are rarely or never found 
upon the host. The males of species of Ixodes, both sexes of 
which occur upon the host, usually possess hypostomes with 
prominent teeth, the reverse being the case in forms wherein the 
males do not occur upon the host. Where species occur upon 
a wandering host it is essential, for their propagation in nature, 
that both sexes should be carried about upon the host. 
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It follows that the copulation of ticks upon the host is an 
indication of a higher degree of specialisation to a life of para- 
sitism. When copulation does not take place on the host, we 
have merely the retention of a primitive character as found in 
Argasidae. It appears to me that many species of Ixodes are 
known to science only in their female and immature stages simply 
because the males have not as yet been sought for in the habitats 
of their hosts. 

A great many males of Metastriata are known; this holds for 
Huemaphysalis, Dermacentor, Rhipicephalus, Amblyomma and 
Aponomma, to mention genera of Ixodidae that are rich in species. 
The males of Boophilus, Hyalomma, Rhipicentor and Margaropus, 
of which there are few species, are likewise known. In all of these 
genera the males are found together with the females upon the 
host. These genera are chiefly parasitic on animals with wander- 
ing habits, and the males of these genera do not exhibit hypo- 
stomes which are markedly dissimilar to those of the females as 
in the case of [zodes. 


| 
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Toleration to Nicotine. By W. E. Dixon, M.A., Downing 
College. 


[Read 20 February 1911.] 


One form of toleration to chemical substances is associated 
with their destruction and oxidation; the tolerance to alcohol and 
morphine are examples. In the case of nicotine it has been found 
that normal animal tissues have the power to destroy a small 
quantity of the alkaloid. The tissues of animals which have been 
rendéred tolerant to nicotine destroy a considerably larger amount. 
There is evidence to show that the destruction of the nicotine is 
not due to a chemical combination with the tissues but that, on 
the contrary, it is brought about by ferment action. 
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The Action of Pituitary Extract and Adrenalin on Peripheral 
Arteries. By Dr Cow. (Communicated by Mr W. E. Dixon.) 


[Read 20 February 1911.} 


Employing the method of O. B. Meyer—adrenalin constricted 
the peripheral arteries with the exception of the intravisceral 
portion of the pulmonary, the coronary and cerebral arteries. The 
coronary and cerebral vessels were dilated and the intravisceral 
portion of the pulmonary was unaffected. Pituitrin produced 
dilatation of the splenic, hepatic and gastric arteries except along 
the first three or four mm. after their origin from the coeliac axis, 
in which part constriction was produced. 
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The Depression of the Freezing Points of Sodium and Calcium 
Chlorides. By ¥F. E. E. Lampiouan, M.A., Trinity College. 


[Read 13 March 1911.} 


Experiments have been made on the depression of freezing 
points of certain fused salts, in particular the chlorides of calcium 
and sodium. From 300 to 400 grams of the salt were fused in 
a large platinum crucible by a gas blow-pipe. The fused mass 
was kept in active circulation by a platinum paddle which was 
rotated by a small water motor. The temperature was measured 
by a platinum resistance thermometer used in conjunction with 
a Callendar recording pyrometer. The recorder was standardised 
by determining accurately with resistance box and bridge the 
temperature of the freezing points of sodium chloride and of some 
mixtures with potassium chloride. 

Some experiments were first made with fused sodium carbonate, 
and later cryolite was used. The freezing point of the specimen 
of cryolite examined was 1004° C. and this was too high for con- 
venience. A series of experiments were then made with fused 
calcium chloride as solvent. In all these experiments it was found 
necessary to introduce a nucleus of solid calcium chloride to pre- 
vent superfusion of the liquid. This was done by making two 
experiments on the cooling of each liquid mixture, and during the 
second experiment as the temperature approached the freezing 
point of the liquid an iron wire was introduced through the iid 
of the crucible to touch the surface of the liquid and was then 
withdrawn, this being repeated until freezing had commenced. 
The following values were obtained for the molecular depression 
of the freezing point of calcium chloride calculated for solutions 
containing in 100 grams of the solvent ‘025 gram molecular weights 

’ of the following substances: 


Strontium chloride ...... 240 
Lithium chloride ......... 340 
Sodium chloride ......... 362 
Barium chloride ......... 380 


Potassium chloride ...... 448 
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In the case of sodium chloride determinations were made of the 
freezing points of various mixtures of the two salts from 100°/, 
calcium chloride to 100°/, sodium chloride, and in the diagram 
are given the results obtained. From this curve, with eutectic 


Temperature (Centigrade) 


Molecular percentages of Sodium Chloride 


point at the intersection of two freezing point curves, it is obvious 
that the two salts do not form any continuous series of solid solu- 
tions, and in all probability the pure salts crystallise out from the 
liquid mixtures. The above numbers are not very regular, and to 
interpret them a knowledge of the latent heat of solidification of 
calcium chloride would be necessary. There are great difficulties — 
in the determination of this quantity at such temperatures as the 
freezing point of calcium chloride, 767° C., but it is hoped that 
these may be overcome at some future time. 

In another series of experiments fused sodium chloride was 
used as solvent, the dissolved salts being either sodium salts or 
chlorides. In these experiments also it was found necessary to 
promote the formation of the solid phase by introduction of a 
nucleus. The weight of sodium chloride used was in most cases 
351 grams (six gram-molecules). The following tables give some 
of the results obtained for the freezing points of solutions of the 
different salts in sodium chloride. 

Weight of sodium chloride in each case 351 gms. Freezing 
point of sodium chloride taken as 800° C. 
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Potassium chloride Calcium chloride 
gm. mols. Temp. C. gm. mols, Temp. C. 
020 799 ‘O19 799 
‘040 798 ‘038 798 
‘081 796°5 ‘O78 796 
‘188 791 “159 792 
403 781 yl) 783-7 
Lithium chloride Barium chloride 
gm. mols. Temp. C. gm. mols. Temp. C. 
020 799 26 Pal 798-6 
060 797°5 ‘054 796°7 
140 793 ‘108 793-7 
322 785 ‘161 790 
Salt) 787 


Similar results were obtained with other salts, showing in each 
case that the depression of freezing point was within experimental 
error proportional to the mass of salt dissolved, and if any variation 
from this law due to ionization existed in dilute solutions it could 
not be detected by this method of measuring temperature differences. 

The following values for the molecular depressions of the freez- 
ing point of sodium chloride are calculated in each case for a con- 
centration of ‘05 gram-mols. of dissolved substance in 100 grams 
of sodium chloride. 


| | 
Salt dissolved Molecular depression 
Sodium bromide ......... ig oioy jake 
Potassium chloride...... | 166 
Lithium chloride ...... 164 
Calcium chloride......... 180 
Strontium chloride...... . 176 
Barium chloride ......... 202 
Sodium carbonate ...... | 180 
Sodium sulphate......... | 204 
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With the exception of sodium bromide it may be concluded 
that the molecular aggregation of the various salts is the same. 
Following on this preliminary survey it is intended to determine 
if possible the latent heat of fusion of sodium chloride, and to 
determine the freezing points at very small concentrations by 
direct measurement of the resistance of the platinum thermometer. 

Three determinations of the freezing point of different portions 
of the sodium chloride used in these experiments gave the values 
799°58°, 799°53° and 799°49°—mean 799°53° C. 

I am teal indebted to Mr Heycock for experienced advice 
during the work and for his generosity in placing at my disposal 
the valuable apparatus used in the research. 
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A SHORT FLORA OF CAMBRIDGESHIRE, 
CHIEFLY FROM AN ECOLOGICAL STAND- 
FOUNT, WITH. A. HISTORY OF ITS CHIEF 
BOTANISTS. 


By A. H. Evans, M.A., F.Z.S., Clare College. 


I. CAMBRIDGESHIRE BOTANISTS. 


In early times the county of Cambridge was exceptionally 
fortunate in its Botanists; but this might perhaps be expected to 
have been the case, as it includes within its boundaries one of the 
two most ancient seats of learning in Britain. Long, however, 
before a regular School of Botany was recognised by the formal 
appointment of a Professor in the University in the year 1724, 
the celebrated John Wray or Ray published at Cambridge a 12mo 
work entitled Catalogus Plantarum circa Cantabrigiam nascentium, 
which gave a selection of synonyms, and notes on the localities 
where the plants were found. This was issued in 1660, and was 
followed by an Appendix in 1663, and a second edition of the 
same, published by Peter Dent, a Cambridge apothecary, in 1685. 
Subsequently Ray, instead of preparing a new edition of his 
original work, thought it better to write a book on the plants 
of the whole of England, which appeared in 1670 (ed. 2, 1677), 
under the title of Catalogus Plantarum Anglie (London, 12mo), 
while he furnished a list of Cambridgeshire plants by marking all 
such with the letter C. A list of the rarer species in the county 
contributed by Ray to Gibson’s edition of Camden’s Britannia in 
1695 contains nothing new, but this is not astonishing when we 
consider that he left Cambridge in 1662. 

In this way was laid a solid foundation for all future botanical 
work in the county, such being then amicably shared by the 
University and the town, but subsequently a fresh impetus was 
given to the study of this branch of science by the establishment 
of the Professorship of Botany by the former in 1724. The first 
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holder of the office, Richard Bradley, F.R.S., does not appear to 
have written on the plants of the district, but when John Martyn, 
F.R.S., of Emmanuel College, was recalled from London, where he 
had been engaged in lecturing, and succeeded to the chair in 
1733, he had already written his Methodus Plantarum circa Canta- 
brigiam nascentium (London, 12mo, 1727). In his Introduction 
to the Flora of Cambridgeshire, Professor Babington tells us that 
this work appears never to have been regularly published, and 
that it was prepared for the use of students attending Martyn’s 
first course of botanical lectures at Cambridge, but, if so, he must 
have been able to predict his future appointment no less than six 
years before his election. In the Methodus he included the whole 
of the work of Ray and Dent, accepted the generic characters in 
the former’s Methodus emendata et aucta, and other publications, 
and, in place of an alphabetical order, arranged the whole ac- 
cording to the system of classification approved in his time, but 
he mentions no new plants. A second edition was projected, but 
only a sheet and a half were printed. The third Professor was 
Thomas Martyn, of Sidney College, elected in 1761, who followed 
in his father’s steps by issuing in 1763 his 8vo Plante Canta- 
brigienses, coupled with what he termed Herbationes Cantabrigi- 
enses (or thirteen botanical excursions), and therein he made a 
fresh advance by using the Linnean classification and nomenclature. 
In the body of the work only the names of the plants are given. 
Our fourth Professor was J. S. Henslow, of St John’s College, 
elected in 1825, who was a great lover of field-botany, and added 
much to our knowledge of local plants. He drew up in 1829 
A Catalogue of British Plants, arranged according to the Natural 
System, with the Synonyms of De Candolle, Smith and Lindley 
(12mo), and italicized all plants not found in the county. In a 
second edition he improved upon this by adding the synonyms of 
Hooker, and denoting Cambridgeshire species by the letter ce. 
Constant references to his records are to be found in the pages of 
the Flora of Cambridgeshire, published in 1860 by our fifth 
Professor, C. C. Babington, F.R.S., of St John’s College, who 
succeeded to the post in 1861, and held it till his death in 1895. 
Still more celebrated than his predecessor, he was an authority 
not only on the plants of our district, but also on those of Britain 
in general; while his work both in the herbarium and in the 
field has left a lasting impression upon botany in the University. 
His Manual of British Botany has gone through nine editions, 
the last having been revised and augmented by Messrs H. and J. 
Groves. In the Flora of Cambridgeshire we find details of the 
habitats of the various species of plants, with references in particu- 
lar to the oldest authorities, while the introductory chapters and 
the appendices add to the value of the book. Owing to pressure 
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of other work Babington had to rely to a large extent on informa- 
tion gathered from his correspondents, who were comparatively 
few in some parts of the county; and this accounts for the scanty 
records from those parts, and the entire omission from the lists 
of Cardamine amara, Silene conica, Digitalis purpurea and other 
noticeable species. 

But it must be remembered that it was during the latter part 
of the Professor's tenure of office that a great impetus was given 
to the study of botany, in a new direction, by the discoveries 
of foreign savants with regard to the internal structure and physi- 
ology of plants, which were followed up by workers in England, 
and Cambridge in particular—among whom we must not omit 
to mention the name of our well-known authority, Dr Walter 
Gardiner, who practically refounded the Museum of Botany, in 
collaboration with Mr M. C. Potter, about 1885, and has written 
a full account of its foundation (by Henslow) and its re-establish- 
ment (Camb. Univ. Press, 1904). Field-work was for a time 
overshadowed by that of the laboratory and class-room, and to 
some extent its value was under-estimated. Babington, as one 
of the old school, must have found it very hard work to keep pace 
with the new discoveries, and though Dr Vines (now Professor at 
Oxford) and Dr Francis Darwin, who is still with us, were at hand 
to give every assistance, it is certain that less time could be 
devoted to the herbarium and the field by the University 
authorities. Misled by appearances, many have thought that 
the pursuit of field-botany languished during this period, but 
such was by no means the case; it simply fell into the hands 
of those not officially connected with the Professorial staff, and 
many names might be given of those who did excellent work 
in Cambridgeshire during this “eclipse” period. It is sufficient 
here to mention the name of Mr Alfred Fryer of Chatteris, who 
from that place as a centre explored many of the least-known 
parts of the county and recorded many forms new to it or else of 
doubtful occurrence. In particular he was, and still is, a great 
authority on the genus Potamogeton. To Mr Arthur Bennett of 
Croydon, moreover, we owe a debt of unfailing gratitude, for the 
interest which he has always taken in our flora and our herb- 
arium, and for the aid—constantly asked and never refused— 
which he has afforded to us all in so many cases, especially with 
regard to those critical forms, in the knowledge of which he is 
a past-master. We must here mention his ‘ Notes on Cambridge- 
shire Plants’ (Journal of Botany, 1899, pp. 243—247), which acts 
as an appendix to W. West, Junr’s paper of the same name in 
that Journal for 1898 (pp. 246—259), and an article on the plants 
of the Kirtling district by R. A. Pryor in the same periodical 
(1874, p. 22). . 
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Even under the shadow of the laboratories, moreover, were 
men with their heart in field-work, such as Messrs Potter, Willis, 
Burkill, Hill, G.S. West, and Yapp, who were now rapidly coming 
to the front, and ensuring that in the long run field-botany should 
not suffer from its temporary sleep at the Museums, but wake 
again with renewed vigour. They have all left us to fill important 
posts in England or abroad, but with the death of Professor 
Babington came the recall to our assistance from Coopers Hill of 
one of the most brilliant of Cambridge scientific men, H. Marshall 
Ward, F.R.S., of Christ’s College. He was appointed Professor in 
1895, and, although hampered greatly by his duties in connexion 
with the building of the splendid new quarters for the Botanical 
Department, his laboratory work and teaching, he nevertheless 
found time to set on foot a scheme for collecting further material 
for a new Flora of Cambridgeshire, and encouraged all those 
presently working in that line to redouble their efforts. Himself 
a very great authority on cryptogams and especially microscopic 
fungi, on grasses and trees, he had published many important 
papers and books on those subjects, and was exceptionally qualified 
to lead the way in every part of our branch of science, so that the 
loss to Cambridge botany, when his career was unfortunately cut 
short by his death in 1906, is not easy to estimate. 

Fortunately for us our present Professor, A. C. Seward, F.R.S., 
of St John’s College, though primarily devoted to the Palzonto- 
logical side of Botany, at once shewed himself fully alive to 
the importance of field-work, and, fearing that his other duties 
would not allow him time to supervise it to his satisfaction, gave 
practical proof of his interest in the subject by selecting for the 
post of Curator of the Herbarium Dr C. E. Moss (formerly of 
the Manchester University, now of Emmanuel College), who 
happily combines the qualities for the indoor and outdoor lines, 
and is known as an admirable worker in the field, both from 
the systematic and from the ecological standpoints. Under his 
guidance our botanical expeditions have taken a new lease of life, 
and the more critical forms of plants are being studied to the 
greatest advantage. Mr A. G. Tansley, of Trinity College, who 
joined the botanical staff about the same time, is another leading 
authority on ecological botany, and is heartily co-operating with 
us in the work. We expect also that the various members of the 
staff of the Botany School will render efficient aid, as far as their 
occupations will allow; and here we may especially mention 
Mr R. P. Gregory, of St John’s College—whose mother, Mrs Gregory 
of Weston-super-Mare, has come to reside in Cambridge, and is 
working more particularly at the Violet group—and Mr F. T. 
Brooks of Gonville and Caius College, who is contributing to this 
work the article on Fungi. The Rev. P. G. M. Rhodes, of Pembroke 
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College, has, moreover, provided us with lists of the Mosses and 
Lichens, while Mr Arthur Bennett’s aid must again be particularly 
mentioned here, as must also that of Mr Alfred Fryer, Messrs H. 
and J. Groves and Dr G. S. West, above mentioned, for the genus 
Potamogeton, the Characez and the Alge respectively. Mr C. E. 
Salmon of Reigate, Mr G. Goode, the Secretary of the Watson 
Botanical Exchange Club, and Mr A. Shrubbs have also kindly 
furnished information for the lists below. 

It will thus be seen that we have no lack of workers in field- 
botany at the present time, and that much may be hoped for 
the future; but it is now our duty to recall the names of the 
older botanists, other than official. Of these the earliest after 
Peter Dent is Israel Lyons, Junr, who published in 1763 at 
London an 8vo Fasciculus Plantarum circa Cantabrigiam nascen- 
tium, que post Rajam observate fuere; but his successor, Richard 
Relhan, chaplain of King’s College, was a much more eminent 
botanist, and published in 8vo a full Flora Cantabrigiensis at 
Cambridge in 1785. He subsequently brought out three supple- 
ments dated 1786, 1788 and 1793, while two further editions of the 
whole work appeared in 1802 and 1820. Consequently Relhan 
not only brought our Flora up to date in the early twenties, but 
his time may be considered as the starting point of the modern 
period of our botany; for he not only included the records of 
those who wrote before him, gave generic characters, diagnoses 
of species, a selection of synonyms, trivial names, localities and 
times of flowering of the plants, but also furnished an account of the 
Musci, Hepatice, Alge, Fungi and Lichenes. The importance of 
the last fact will be recognised when we note that Babington in 
his later work entirely omits these groups; and that those who are 
preparing the present lists have had practically no previous work 
except that of Relhan to guide them in this respect, if we except 
Dr West’s own paper on the Alge in the Journal of Botany for 
1899 and some work by Mr Larbalestier on the Lichenes. 

Mr H. C. Watson’s New Botanist’s Guide (1835—1837) adds a 
certain amount to our knowledge of Cambridgeshire plants, for 
information on which he was greatly indebted to the Rev. W. H. 
Coleman, of St John’s College. Mr G. 8. Gibson’s ‘Flora of the 
neighbourhood of Saffron Walden’ (Phytologist, Vol. 1, passim) 
contains a few notices of Cambridgeshire plants,and Babington 
acknowledges in the Flora of Cambridgeshire the assistance of 
many correspondents, who cannot be given in detail here, but 
among whom the Rev. W. W. Newbould of Comberton, and 
Mr S. W. Wanton, of St John’s College, stand out prominently, 
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II. THE PHYSICAL FEATURES OF CAMBRIDGE- 
SHIRE, WITH ITS GEOLOGICAL FORMATIONS, 
AND THEIR ATTENDANT FLORA. 


The county of Cambridge has still an extensive flora, with an 
abundance of interesting and uncommon plants, though the 
drainage of the low-lying fen-lands has been the cause of the 
disappearance of many of the rarer species, details concerning 
which will be found in the first of the succeeding lists. On these 
drained and cultivated fen-lands there has been little attempt at 
afforestation ; thus they still present in most parts the aspect of 
cultivated open flats divided into sections by wider or narrower 
water-courses, to which the names of lodes or dikes are given ac- 
cording to their size. Shelter strips of poplars are in many places 
a conspicuous feature, as are the pollard willows which commonly 
line the banks of the streams, while near the villages there is 
no lack of hedges of hawthorn and the like. The remainder of 
the county is fairly well timbered, though many of the existing 
woods have been planted, and the vast bulk of the ancient forests 
have disappeared. Yet several of the existing woods on the 
boulder clay, the chalk, and the greensand, do possess some 
primitive characters, although modified to a certain extent by 
sylviculture, and probably represent the remains of the primeval 
forests of the county, which are vouched for by the remains of 
oaks and so forth disinterred from the base of the various recent 
alluvial or peaty deposits, 

Plants which grow at great altitudes or are peculiar to upland 
moors cannot of course be expected in so flat a district, where the 
Gog-Magog Hills (240 ft) and Madingley Hill (175 ft) are the 
chief eminences that break the landscape, but the chalk downs 
that traverse the county from east to west, and the grassy expanse 
of Newmarket Heath, enable us to add to our list many species 
which would otherwise be lacking. 

The rivers Cam, Nene, Ouse and their tributaries make 
Cambridgeshire a well-watered area; but there is a marked 
absence of any large sheets of water since the disappearance of 
Soham, Stretham, Benwick and other “ Meres,” though there is a 
certain amount of compensation to the botanist in the presence of 
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patches of marsh-land still remaining in the midst of a well- 
executed scheme of drainage. The only really extensive fen is 
that well known to exist at Wicken, and from this a mile or two 
of rough grassy or rushy pasture intersected by peat-holes 
stretches in the direction of Burwell and Reach. Thence to 
Waterbeach and Horningsey the Fens hardly exist .except in 
name, and the same may be said of the northern division of the 
county, where we can only point to the Guyhirn washes, Chatteris 
Turf Fen and the so-called “Firelots” at Wimblington. An 
interesting piece of fen, however, occurs at Chippenham, and a 
still smaller area at Dernford near Shelford. The washes of the 
Cam are fast drying up. 

Contrary to popular opinion, therefore, Cambridgeshire is by 
no means a land of sedge-fen and morass, but consists of a series 
of comparatively dry flats to the northward and of more elevated 
down-lands to the southward, the woods being chiefly confined to 
the latter portion of the county and seldom being of any great 
size. Estuarine plants are only to be found in the neighbourhood 
of Wisbech, on the tidal portion of the Nene. 

Professor Babington, in his Flora of Cambridgeshire of 1860, 
divided the county into eight more or less arbitrary sections, but 
as his method threw parts of the fen-land and the chalk into 
different divisions, while it failed to keep the Gamlingay green- 
sand or the blown sand at Chippenham—with their peculiar flora 
—apart, we do not feel inclined to follow his lead. On the other 
hand Mr A. Wallis, who contributed an article on the Flora of the 
Cambridge district to Messrs Marr and Shipley’s Natural History 
of Cambridgeshire in 1904, follows H. C. Watson in classifying 
the plants as British, English, Germanic, and Atlantic, but also 
classes them, with the exception of the estuarine species, as those 
of the Fen, Dry Soil, Meadow, or Shade Associations. The latter 
method is perhaps more suited to the modern ideas of Ecology than 
that of Babington, but can hardly be commended, for, to mention 
only two objections, it combines the chalk to a certain extent with 
the gravels, and takes no special heed of the boulder or other clays*. 

On the whole it seems best to follow to a great extent the 
geological formations of our district, and to concern ourselves only 
with the following divisions :— 

1. Alluvium, Peat and River Gravels. 

2. Clays (Oxford Clay, Ampthill Clay, Kimmeridge Clay, and 
Gault)—excluding the Boulder Clay. 

3. Chalk. 


* Since this was written, Professor and Mrs MeKenny Hughes have published 
an admirable account of the Geography of Cambridgeshire, including the Geology, 
Natural History and so forth, which will be found most useful by all interested in 
the county. (University Press, 1909.) 
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4. Lower Greensand of Gamlingay. 

5. Boulder Clay. 

6. Blown sand over chalk (as at Chippenham and Kennett). 

It may here be stated that we include in the county the small 
detached piece of Suffolk adjoining Newmarket, as did Professor 
Babington. 


1. Alluvium, Peat, ete.* This large division fills a great part 
of the north of the county, and, besides the present fen-land proper, 
includes the ancient fen-land reaching nearly from Peterborough 
to St Ives, and an extensive area of marine silt drained by the 
rivers Nene and Ouse, from Wisbech to the neighbourhood of Ely. 
Consequently the plants may be roughly apportioned to three 
groups: (1) those which are chiefly or entirely maritime, (2) those 
correlated with drier soil, with no special attraction to chalk, 
heavy clay or loose sand, and (3) those of the peat and its 
vicinity. Our alkaline peat exhibits a very different Flora to the 
acid peat of other places. 

Maritime plants are only found around Wisbech, though the 
influence of the tide is shown in another direction as near the 
county boundary as Denver in Norfolk. An exception must, 
moreover, be made in the case of Scirpus maritimus and Aster 
Tripolium, which occur as high up the rivers as Sutton, and in the 
case of the former, as Upware, while Apiwm graveolens and other 
species may denote the former presence of salt water in places 
now far inland. Among these maritime plants we still possess at 
least Spergularia salina b. media, S. marginata, Aster Tripolium, 
Statice maritima, Glaux maritima, Plantago maritima, Beta mart- 
tuma, Atriplex portulacoides, Sueda maritima, Zostera marina 
c. angustifolia, Glyceria maritima, G. distans and Triticum pun- 
gens. Others, such as Frankenia levis, LIimonium vulgare, L. 
reticulatum and Atriplex pedunculata, have now apparently dis- 
appeared, owing to the drainage of the salt marshes at Foul 
Anchor about a century ago. 

For the plants of the second group, which presents no peculiar 
features, reference may be made to the general list below, but in 
the third group are many fen plants which are rare and of more 
than ordinary interest. A “fen” in Cambridgeshire means a sedge- 
fen—if it has not been drained, and a sedge-fen means a fen 
covered with a dense growth of Cladium Mariscus, with a lower 
carpet of Carices and such grasses as Agrostis alba and Molinia 
cerulea. Phragmites communis edges or chokes the smaller dikes, 


* Where the Survey maps indicate the Jurassic or Cretaceous clays, or the 
lighter formations, such as lower greensand or chalk, there are commonly super- 
ficial deposits, which are so thick as to give a character to the soil quite irrespective 
of the underlying ‘‘ solid geology.” 
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and also intrudes among the Cladiwm, which responds by en- 
croaching upon the Phragmites in the shallower water-courses. 
Juncus subnodulosus, Calamagrostis epigegjos and C. lanceolata form 
a considerable portion of the vegetation of Wicken sedge-fen (and 
were doubtless commoner elsewhere in olden time). Rhamnus 
catharticus and R. frangula are the shrubs proper to this fen, 
with some willows, brambles and small hawthorns; Lathyrus 
palustris, Lythrum Salicaria, Peucedanum palustre, Lysimachia 
vulgaris, and Cnicus pratensis are specially conspicuous, while 
Lastrea Thelypteris occurs here and there in profusion. Others of 
the rarer species are Viola stagnina, Stellaria palustris, Sium 
latifolium, Utricularia vulgaris, U. minor, Myrica Gale, Inparis 
Loeselu, Helleborine longifolia, Sparganium minimum, and 
Butomus umbellatus, besides several members of the genera 
Potamogeton and Carex and of the Characeew. Carex paradoxa 
and WNitella tenuissima may be more particularly mentioned. 
Senecio paludosus, S. palustris, and Sonchus palustris have not been 
found for many years, as will be seen below, nor does it appear 
that the two latter ever grew at Wicken. From the records of 
Ray, Relhan and others the very wet neighbourhood of Stretham 
seems to have possessed a particularly rich flora, and the same 
may be said of Hinton Moor near Cambridge, in the times of old. 
But it may be suspected that in still earlier days, and also in less 
accessible places, many of the rarer species were unnoticed. The 
valley fen at Chippenham still furnishes Ziparis Loeseli, Drosera 
rotundifolia, and Selinum Carvifolia, while it is a well-known 
locality for other plants by no means common in the district. 


2. Clays, other than Boulder Clay. 

These do not form a continuous area, as will be seen from the 
Survey map; they are found as patches of Oxford and Ampthill 
Clay west of Gamlingay, near Longstanton, and elsewhere; as 
similar patches of Kimmeridge Clay situated for the most part on 
the “islands” or eminences of the fen country; and as consider- 
able stretches of gault in various places along a line running in 
a north-easterly and south-westerly direction. The flora of this 
division has no very peculiar features. 


3. Chalk. This division occupies the county between New- 
market and Royston; it is of considerable width throughout, and 
contains the main uplands of Cambridgeshire, of which the best 
known are the Gog-Magog Hills to the southward of the town of 
Cambridge. It is barely interrupted by a few areas of gravel, 
chiefly in the valleys of streams, and is marked by two long dykes 
of prehistoric date with high banks, near Fulbourn and Newmarket, 
Fleam and the Devil’s Dyke respectively. Many of our rarest 
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plants are to be found in this division, among which especial 
attention may be drawn to Anemone Pulsatilla, Linum perenne, 
Seseli Libanotis, Carum Bulbocastanum, Senecio integrifolius, 
Hypocheris maculata, Orobanche elatior, Muscari racemosum, and 
Carex ericetorum; the orchids Cephalanthera grandiflora, Orchis 
ustulata, Ophrys apifera and O. muscifera still occur, though 
O. sphegodes and probably Herminium monarchis are now extinct ; 
while a large number of species peculiar to chalk or with a 
preference for dry soils complete the list. Onobrychis viciefolia is 
a favourite crop in these parts, and is almost as strictly limited to 
them in Cambridgeshire, as Fagopyrum sagittatum is to the fen 
country. 


4, Greensand. In this division we may pass over the small 
patches of the Lower Greensand in the Isle of Ely and near 
Cottenham, and devote ourselves to the tract stretching from 
Gamlingay towards Sandy, where alone we find plants of a very 
different type to those of the rest of the county. The presence of 
some of these, such as Teesdalia nudicaulis, Trifolium subterraneum, 
T. scabrum, Ornithopus perpusillus and Galiwm saxatile is ap- 
parently due to the comparatively dry nature of the soil and not 
to the fact of it being composed of greensand, as they occur also 
eastward on the blown sand near Chippenham and Mildenhall ; but 
a considerable list may be formed of plants few of which probably 
ever grew in Cambridgeshire much outside of the limits of. the 
Gamlingay tract. Among these are Manchia erecta, Hypericum 
humifusum, Solidago Virgaurea, Gnaphalium sylvaticum, Arnoseris 
minima, Oxycoccos quadripetala, Erica Tetraliz, E. cinerea, 
Digitalis purpurea, Quercus sessiliflora, Convallaria majalis, Nar- 
thecium Ossifragum, Rynchospora alba, Deschampsia flecuosa and 
Lycopodium inundatum ; but it is evident on inspection of the list 
that only in Cambridgeshire can we call them, for our purposes, 
peculiar to the greensand. Associated with these we have the 
trees Tilia cordata, Pyrus Aucuparia and the above-mentioned 
Quercus sessiliflora, while Ulex europeus, Cytisus scoparius and 
Pteris aquilina are conspicuous features of the district. The 
Bogs were drained by 1855. 


5. Boulder Clay. This division is here kept separate from 
that including the other clay soils on account of. the very dif- 
ferent character of its flora. In the first place certain of our 
plants are practically confined to this formation, as Pyrus torm- 
nalis, Cnicus eriophorus, Primula elatior, Melampyrum cristatum, 
M. pratense, Lamium Galeobdolon, Daphne Laureola, Helleborine 
media, Colchicum autumnale, Carex remota and C. pendula. In 
the second place many of the rarer species are hardly found 
elsewhere or are much more plentiful on it, as Lathyrus sylvestris, 
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Genista tinctoria, Trifolium ochroleucon, Bupleurum rotundifolium, 
Caucalis daucoides, Serratula tinctoria, Linaria Elatine, L. spuria, 
Euphorbia platyphyllos, Iris fetidissima, Paris quadrifolia, and 
so forth; so that its peculiarities are sufficiently obvious even to 
the uninitiated. 

Omitting small detached patches, for which reference may be 
made to the Survey map, the Boulder Clay extends over three very 
considerable areas in the county, one from near Huntingdon and 
Swavesey southwards to Gamlingay and the Orwell district, 
reaching eastward to within about two miles of Cambridge; 
a second running not quite continuously from Chishall near 
Royston to Linton; and a third hardly separated from the last- 
named, which extends from the east of Linton in a north-easterly 
direction along the higher ground towards and past Newmarket. 


6. Blown sand. This division, mainly in the parish of 
Chippenham, begins between Fordham and Freckenham and 
extends past Chippenham village as far as Kennett. Part of it 
is cultivated, and part consists of sandy warrens, similar to those 
in the neighbouring districts of Norfolk and Suffolk, while the 
valley fen at Chippenham is in close connexion with it. Here, as 
on the Cretaceous sands of Gamlingay, Ulex europeus, Cytisus 
scoparius and Pteris aquilina are abundant, several of the less 
common species of Trifolium, Ornithopus perpusillus and Calluna 
vulgaris re-appear, while Teesdalia nudicaulis and several other 
rare species occur just outside the county. Of the plants which 
are not uncommon in this district, but are hardly ever or never 
found elsewhere in Cambridgeshire, the chief are Silene conica, 
S. Otites, Medicago sylvestris, M. falcata, M. minima; Galium 
anglicum also was recorded by Babington from the Park wall at 
Chippenham, and Apera interrupta is moderately plentiful. The 
last-named, however, was also found in 1855 at Pampisford near 
Cambridge. 


With regard to the more critical forms of plants in general 
a considerable amount of work has been done, and specimens have 
been submitted to well-known authorities, whose assistance—and 
especially that so ungrudgingly given by Mr Alfred Fryer of 
Chatteris and Mr Arthur Bennett of Croydon—we must here 
most gratefully acknowledge; but in all probability further inves- 
tigation will increase our lists and greatly add to the value of a 
new general Flora of Cambridgeshire, which it is intended to 
publish before many years have elapsed. 

We may now proceed to consider the lists of plants stated to 
be lost or unknown in the county by Professor Babington in 
Appendices Ix and x of his Flora of Cambridgeshire. 
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Of the plants reported to be lost, the following are still to be 
found : Thlaspi arvense, Geranium rotundifolium, Lathyrus Nissolia, 
Pyrus torminalis, Sedum Telephium, S. album, Lactuca saligna, 
Senecio viscosus, Beta maritima, Polygonum minus, Salix purpurea, 
Colchicum autumnale, Setaria viridis, Phlewm arenarium ; of those 
said to be probably extirpated we still have Myosurus minimus, 
Gnanthe silaifolia, Kentranthus ruber, Limosella aquatica, Veronica 
spicata, Myrica Gale and Liparis Loeselii. On the other hand 
many species—Senecio paludosus in particular—have not been 
seen for a considerable period. 

Of plants said to be unknown in the county we have Lychnis 
dioica, Digitalis purpurea, Festuca duriuscula, Tragopogon pra- 
tense, Epilobium angustifolium, Lepidium Smith, Zostera marina 
c. angustifolia, Cardamine amara, Sagina maritima d. densa, 
Quercus sessiliflora, Teesdalia nudicaulis, Vicia lathyroides, and 
possibly Anagallis faemina. 
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lil. ANNOTATED LIST OF SOME OF THE 
RARER PLANTS, MANY OF WHICH ARE 
NOW EXTINCT. 


1. Roemeria hybrida, DC. This Poppy was at one time 
frequently found in the chalky fields lying between Reach, Burwell 
and Swatfham Prior. Judging from specimens in the Winch 
Herbarium of the Linnean Society and that of the Philosophical 
Society of York (Henslow) it was not extirpated before 1835, 
while the dates reach back to 1820. Probably the plant was 
introduced with agricultural seeds, and probably also it occurred 
in the district before our earliest record and after our latest. 
Babington records it on his own authority, and does not include 
it in his list of lost plants in 1860; but there seems to be no 
sure evidence of its maintaining itself to a later date than 1835. 


2, Arabis Turrita, L. Ray does not mention this species, 
which is first recorded by T. Martyn in 1763 as growing on old 
walls about Trinity and St John’s Colleges. It is still found in 
the grounds of the latter College, though in its present locality it 
may have been introduced wore recently than in its former. 


3. Sisymbrium Trio, L. This plant, always of interest on 
account of the story of its appearance after the Great Fire of 
London, was reported from Barnwell in 1818 by Mr Job Watson, 
of Hemingford, Hunts., and by Mr W. Skrimshire from Wisbech, 
prior to 1802. It is a species that usually lingers for a long time 
when it has once taken to the ground, as at Berwick-on-Tweed in 
the present day; and we should have expected further records 
from the county, unless it was a temporary casual of the rubbish- 
heap. 


4. Lepidium latifolium, L. This Pepperwort is recorded 
from Leverington near Wisbech by Mr Skrimshire, but has never 
been noticed since his time. The locality, being near the sea, is 
natural, and there is no more reason to doubt this ancient record 
than those of later date, while modern lists, rightly or wrongly, 
consider the plant a true native. 


5. Frankena les, L. This plant was recorded by Professor 
T. Martyn from the salt marshes at Tydd Gout, near Wisbech. 
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These marshes were, however, drained before 1860, and Frankenia 
seems to have been extinct long before that date, although it is 
still fairly plentiful on the Wash, no further away than Holme, 
near Hunstanton. 


6. Hypericum elodes, L. This species used to grow in the 
bogs at Gamlingay, but does not seem ever to have occurred in 
the Fens. The late W. West, junr, writing in 1898 (Journ. Bot., 
July, 1898), says that it “grew until recently by the stream near 
the site of the old bog at Gamlingay, but I could not find it in 
1894.” We have, however, no means of knowing what “recently” 
means in this connexion, but from a letter of Babington to A. G. 
More (Memorials &c. of Babington, p. 344), we learn that the plant 
had not vanished in 1860. Perhaps stray individuals lingered to 
a later date. 


7. Vicia sylvatica, L. Relhan’s record of “ Hall Wood, near 
Wood Ditton” still stands alone for the county. The wood was 
cut down long ago, but the specimen sent thence by the Rev. 
John Hemsted is worth noticing, as having been figured in Sir 
J. E. Smith’s English Botany (1792). The plant occurs in the 
adjoining county of Hertfordshire. 


8. Drosera anglica, Huds. Recorded of old from Sawston 
and Hinton Moors by Relhan. From a note kindly communicated 
by Mr C. E. Salmon, we find that there is a specimen from 
Whittlesey in the collection of J. A. Power, now in the Herbarium 
of the Holmesdale Natural History Society at Reigate, but it is 
more than likely that the habitat was in the direction of 
Whittlesey Mere, and therefore not in Cambridgeshire. 


9. D. longifolia, L. Ray gives Hinton Moor as a locality for 
this species, Relhan gives Teversham and Sawston Moors. 
Without the specimens it is impossible to speak with certainty ; 
but this species might possibly have been confounded with the 
last-named, though the “ moors” before they were drained were as 
likely to have furnished it as D. anglica. It may be noted that 
D. rotundifolia is still found in the county at Chippenham. 


10. Lythrum Hyssopifolia, L. Babington’s own records are 
from the neighbourhood of Cambridge and Chippenham, while he 
gives others from Teversham, Hinton, Chesterton, Histon, Oaking- 
ton, Madingley and Ely, taken from his predecessors or coadjutors. 
Newmarket-must be added on the strength of a specimen in the 
Winch Herbarium of the Linnean Society, as we are informed by 
Mr Arthur Bennett; but not one of the records gives any idea of 
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the status of the plant, or furnishes any indication of whether it 
was a casual or not. 


11. Cicuta virosa, L. The old record of Professor J. Martyn 
gave as the locality a spot between Ely and Prickwillow, and we 
are again indebted to Mr Bennett for the information that the 
Rev. J. Dalton’s collection in the Herbarium of the York Philo- 
sophical Society contains a specimen gathered by Dr Goodenough 
in 1786. We are still unable to discover the plant in the county 
—as was Babington—but live in hopes of doing so, for Professor 
Yapp of Aberystwith tells us that he found it so near to our 
boundaries as Stalode Wash in Norfolk in 1908. 


12. Caucalis latifolia, L. Formerly abundant in the county, 
now exceedingly rare (Babington in 1860). No doubt a casual of 
corn fields, as it is considered in the London Catalogue ; but the 
fact remains that C. daucoides, though local, is still not uncommon, 
while, for no apparent reason, its congener has disappeared. 


13. Gnaphalium luteo-album, L. As the figure in Sir J. E, 
Smith’s English Botany was taken from a specimen sent by Relhan 
from between Hauxton and Little Shelford, we can certainly claim 
the plant for the county; but we have only Relhan’s record. 


14. Pulicaria vulgaris, Gaertn. Judging from the account 
in Babington’s Flora of Cambridgeshire, this species was still to 
be found in or about 1860; but we have been quite unable to 
discover even a single specimen in the county, and the plant 
seems to have become extinct in Cambridgeshire, as there is 
reason to suppose is the case in more than one place in southern 
England. It loves grassy road-sides and commons and is therefore 
easily extirpated, especially by the builder. 


15. Senecio paludosus, L. This species has been found in the 
counties of Norfolk, Suffolk, Cambridge and Lincoln, as will be 
seen from Mr Arthur Bennett’s article in the 7'’ransactions of the 
Norfolk and Norwich Society (vol. vi, p. 457), where the details 
are fully given. Mr Bennett has kindly allowed me to use his 
MS. notes, from which many of the following facts have been 
taken. 

The first record for Cambridgeshire seems to be that of Ray in 
his Catalogus Plantarum circa Cantabrigiam nascentium, p. 37 
(1660). 

In the Wilkinson collection belonging to the York Philo- 
sophical Society is a specimen from the county, gathered in 1800. 
The Rev. J. Holme of Peterhouse, subsequently Vicar of Cherry 
Hinton and Rector of Freckenham, is responsible for at least six 


212 Mr Evans, A Short Flora of Cambridgeshire 


of those still in existence. One of these’is that in the Wilkinson 
Herbarium at York, one is in the collection of Mr Arthur Bennett, 
one in that of the Holmesdale Natural History Society at Reigate. 

All of them were gathered between 1800 and 1825 in Wicken 
Fen. Professor Henslow found the plant about three miles below 
Ely in 1833, and Professor Babington saw one of the specimens. 
Another in the Salt Herbarium at Sheffield (“ Ely, 31.7.1833”) 
may have been gathered by Henslow or by Mr W. Marshall of 
Ely, who gives Padnal Fen and Barraway Washes as localities 
somewhere about the same time. 

One of Marshall’s specimens is in Mr F. J. Hanbury’s collection, 
a second cannot now be traced. 

In 1857 Babington saw a plant in Wicken Fen, which may 
have been that transplanted later into the Botanic Garden at 
Cambridge. Two specimens were gathered, now in Babington’s 
Herbarium. 

Between 1878 and 1883 Mr Bennett is able to state, on the 
authority of Mr Wilton of Soham, that eleven specimens were 
discovered, and there our information comes to an end, while it 
is to be feared that since 1883 this Senecio has become extinct. 

Two undated specimens, gathered by Dawson Turner in the 
county, are in the Winch Herbarium of the Linnean Society ; 
Ray states that he found the plant “in many places about the 
Fens, as by a great ditch side near Stretham Ferry”; T. Martyn 
(1763) gives Chatteris; and Relhan (1785) Littleport and Burwell 
Fen as localities. 


16. Senecio palustris, Hook. ‘The first record of this plant in 
Cambridgeshire is that of Ray in his Catalogus Plantarum circa 
Cantabrigiam nascentium of 1660. He found it about March and 
Chatteris. Relhan reports it in the year 1820 from “a ditch at 
the edge of the moor next to the Park at Chippenham.” Con- 
sidering that it was a less uncommon species than S. paludosus, 
and not confined to the Eastern Counties, it is disappointing to 
find that we have no later record than those noted above; for 
that given by Babington (Flora of Cambridgeshire, p. 129) on the 
authority of Mr W. Marshall of Ely is stated in that gentleman’s 
own notes to have been due to some error. See Journ. of Botany, 
1899, p. 244. 


17. Arnoseris minima, Schweigg. and Koerte. Professor 
Babington, writing in 1860, records this species from fields on the 
old Heath at Gamlingay, but it was not again noticed, as far as it 
is possible to ascertain, until 1910, 1911, when Mr N. Simpson of 
Trinity College and Mr A. H. Evans each found a single specimen 
on the site of the old Heath. 
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18. Crepis fetida, L. Recorded from several localities in the 
county in Babington’s Flora of Cambridgeshire. They need not 
be given in detail, but it must be noted that Mr Arthur Bennett 
has examined a specimen dated 1854 in the Herbarium of the 
York Philosophical Society, and has thus vouched for the Pro- 
fessor’s identification of the plant, though it does not appear to 
have been found since 1860. 


19. Sonchus palustris, L. We may perhaps assume, from our 
knowledge of the Fens of old, that this species occurred in several 
localities in early days; but even Mr Israel Lyons, writing in 
1763 on plants observed round Cambridge after the time of Ray, 
can only record it from “near Stretham Ferry.” In the Hailstone 
Herbarium at York, however, Mr Arthur Bennett found a specimen 
from Bottisham Fen dated 1839, and another gathered in 18438 
“opposite the Knave of Clubs Alehouse” near Bottisham, the last 
known from the county. 


20. Oxycoccos quadripetala, Gilib. The Cranberry, though 
once abundant, seems to have been restricted to the Gamlingay 
Bogs, and in 1859 was confined to “one small spot” (Babington). 
It is now extinct in that locality. 


21. Erica cinerea, L. This species, unlike H. Tetralia and 
Calluna vulgaris, has not been found since 1860, when Babington 
records it in the Flora of Cambridgeshire from Gamlingay. 


22. Limonium reticulatum, Mill. Found at Tydd Marsh by 
Mr Skrimshire, about 1820, and also by the Rev. J. Hemsted, 
below Wisbech, whence Mr Algernon Peckover reports it shortly 
before 1860. A specimen dated Sept. 1796 is in the Herbarium 
at the British Museum and is marked T. Sowerby. The plant 
has quite disappeared from the county though still common in 
Norfolk. JL. vulgare may still linger at Wisbech. 


23. Lysimachia nemorum, L. “Hall Wood, Wood Ditton,” 
the locality given by Relhan, was already cut down when 
Babington wrote in 1860, but the botanists of the county are still 
in hopes of finding the plant elsewhere. 


24. Veronica spicata, L. This species, confined to the 
counties of Cambridge, Norfolk and Suffolk, used to be found in 
various places on Newmarket Heath and the immediate vicinity. 
Now it is possibly confined to one or two, though this cannot be 
positively asserted; but that it still exists may be taken for 
certain. Owing to the grass among which it grows being con- 
stantly cut, the plant may not flower every year, but about 
a hundred spikes were seen a few years ago. Mr Arthur Bennett 
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states, moreover, that he possesses an old specimen from Litlington, 
near Royston. 

Mr R. B. Smart’s record from near Fleam Dyke has never 
been confirmed. 


25. Teucrium Scordium, L. The Water Germander is still 
found near Upware and at Roswell Pits, Ely, but has presently 
disappeared from Sutton Gault, Horseway near Chatteris and 
localities between Cambridge and Ely given in Babington’s Flora 
of Cambridgeshire. It grows in pits or on banks of ditches, and 
is hardly to be called a fen plant. 


26. Chenopodium urbicum, L. Unlike C. murale and C. 
hybridum, which have been re-found recently, this species is only 
known to us by the records of Relhan from Barnwell, Coton and 
Cottenham, and of Lyons from Hinton. 


27. Atriplex littoralis, ee Neither of these plants can now 

28. A. pedunculata, L. be found near Wisbech, but whereas 
the former is still mentioned as present in Babington’s Flora of 
Cambridgeshire (1860) the later only dates up to about 1830. 


29. Urtica pilulifera, L. (b) Dodartiw (L.). This alien and 
casual species has never been found in the county since it was 
discovered near Wisbech by Dr Jermyn and Upwell by the Rey. 
L. Jenyns. 


30. Myrica Gale, L. Professor Babington considered that 
the Bog-Myrtle was destroyed by drainage and cultivation 
before 1850, but in this he was in error, as it still grows in two 
spots in Wicken Fen, and Mr Alfred Fryer saw a small patch in 
the “Firelots” near Wimblington in 1884 which was still there 
in 1892. 


31. Malaxis paludosa, Sw. Hinton Moor, an old station for 
this species, was drained long before Babington wrote, but he 
records this Orchis from “ Bogs, Gamlingay, formerly very abun- 
dant, nearly extirpated in 1855.” This constitutes the latest 
record. 


32. ILnparis Loeselii, Rich. This species must have dis- 
appeared from Ray’s station on Hinton Moor at the same period 
as Malazis, and no doubt from Teversham Moor at about the 
same time. It is not likely now to be re-discovered at Fulbourn 
or Sawston, whence Relhan records it, or where Henslow found it 
at Bottisham Fen; but it still occurs in very small quantity in 
Chippenham and Wicken Fens, though Babington considered it 
extinct by 1836. Near Reach it may possibly still exist, judging 
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from the condition of some parts of that district. Mr Arthur 
Bennett has seen a specimen gathered long ago at Gamlingay by 
J. A. Power which is now in the Herbarium of the Holmesdale 
Nat. Hist. Soc. at Reigate. (Cf. Trans. Norf. and Norw. N. H. 
Soc. 1902, p. 335). 


33. Ophrys sphegodes, Mill. Babington found this plant near 
Abington, May 24, 1837, older records being from near Bartlow, 
Hildersham and Shelford, but the disappearance of balks or wide 
grassy paths between small holdings or between fields, has 
probably been the cause of the extirpation of this Orchis, which is 
now never found in the county. (Cf. Memorials &c. of Babington, 


p. 88.) 


34. Fritillaria Meleagris, L. Not recorded for the county, 
except by Relhan from Westhoe near Linton. If his plant was 
not the outcast of a garden, this species might still be re- 
discovered, as will be seen from the case of the next. 


35. Colchicum autumnale, L. This species was only known 
to Babington as reported by Relhan “in a close on the south side 
of Mr Katon’s house at Wood Ditton.” If the exact position of 
this close could be ascertained, the plant might be once more 
found there, as on August 17th, 1908, Mr R. L. Wormald of Weston 
Colville shewed a patch of it to a small company of Cambridge 
botanists in a wood near that village, and told them that he had 
picked the flowers there for ten or fifteen years. We have there- 
fore to thank Mr Wormald for this modern record. 


36. Narthecium Ossifragum, Huds. Extinct at Gamlingay 
Bogs since Babington’s time, so far as can be ascertained. 


37. Triglochin maritimum, L. The same may be said of 
this plant as of the last, except that it grew on the river-side 
below Wisbech. 


38. Rynchospora alba, Vahl. Babington considered that this 
species might still survive at Gamlingay in 1860, as he had found 
specimens there “very recently, but it has not been observed 
since.” 


15—2 


216 Mr Evans, A Short Flora of Cambridgeshire 


IV. GENERAL LIST OF SPECIES. 


In this list the London Catalogue (ed. 10) has been, in general, followed. Square 
brackets imply that a plant is doubtfully native either in Britain or at least 
in Cambridgeshire. 


I. ANGIOSPERMSA. 


Dicotyledones. 


RANUNCULACEZE. 


Clematis Vitalba L. 3, 5. 
Thalictrum minus L. 
(a) collinum (Wallr.) 3. 

T. flavum L. 1, 2, 3. 

(c) rufinerve (Lej. and Court) 1. 

Anemone Pulsatilla L. 3. Found on the Furze Hills, Hildersham, 
where the surface soil is sandy, as well as on the barer chalk 
dykes. 

A. nemorosa L. 3, 4, 5. 

Myosurus minimus L. 1, 2, 3, 4. 

Ranunculus circinatus Sibth. 1, 2, 3, 5. 

R. fluitans Lam. 1, 2, 3, 6. 

R. trichophyllus Chaix. 1, 2, 3, 5. 

R. Drouetii (F. Schultz) 1, 2, 3, 5. 

R. heterophyllus Weber, 1, 2, 3, 5 

R. peltatus Schrank. 

(d) floribundus (Bab.) 5. 
(e) penicillatus (Hiern.) 1. 
i. Baudotw Godr. 2.] 


R. hederaceus L. hi ay oy Ay Sy, 
R. sceleratus, L. » ye ae 
R. Flammula L. 1, 2, 4. 
R. Lingua L. 1, 3, 4 
R. auricomus L. 1, 2, 3, 5. 
R. acris L. 1, 2, 3, 4, 5, 6. The sub-species are not yet worked 


out for the county, but we seem to have (c) Borwanus 


and (d) Stevent. 


R. repens L. 1, 2, 3, 4, 5, 6. 

R. bulbosus L. 1, 2, 3, 5, 6. 

R. sardous Crantz 1, 2, 3, 5. Very uncommon; in fact hardly 
ever seen. 

R. parviflorus L. 1, 2, 3, 5. Not recently found. 

R 


1, 2 
. arvensis L. 1, 2, 3, 5. Locally common. 
R. Ficaria L. 1, 2, 3, 4, 5, 6. 


? ’ 


3 
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Caltha palustris L. 1, 2, 3, 4, 5, 6. 
(b) Guerangerw (Bor.) 1. 
Helleborus viridis L. 


(b) occidentalis (Reuter) 1, 2, 3. Doubtfully wild. 


Pa. fetidus, L. 1, 3.] 
[Hranthis hyemalis Salisb.] 
Aquilegia vulgaris L. 1, 3, 4, 5. 
[Delphinium Ajacis L. 1, 2, 3, 5.] 
BERBERIDACEA., 
[Berberts vulgaris L.] 
NYMPHHACE. 


Nymphea lutea L. 1, 2, 3, 4, 5. 
Castalia alba Wood 1, 3, 5. 


PAPAVERACE. 
[Papaver Somniferum L.] 
Pe newos i. 1; 2, 3, 4, 5, 6. 
(c) Pryorw Druce 3. 
taubium 1,1, 2, 3, 4, 5, 6. 
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P. Lecoqgii Lamotte 1, 2, 3,5. Now very seldom found in most 
parts; P. dubium, which was extremely rare thirty or forty 


years ago, seems to have supplanted it. 
P. Argemone L. 1, 2, 3, 4, 5, 6. 


P. hybridum L. 1, 3, 5. Much less common than formerly. 


Roemeria hybrida. See former list. 
Chelidonium majus L. 1, 2, 3, 4, 5, 6. 


FUMARIACEZ. 
[Corydalis lutea DC.] 
Fumaria Borei Jord. 1. 
F. Bastardi Bor. (=confusa Jord.) 1. 
F. officinalis L. 1, 2, 3, 4, 5, 6. 
F. densiflora DC. 3, 6. 
F. parviflora Lam. 1. 3, 6. 
F. Vaillantic Lois. 1, 3. 


CRUCIFERZ. 
[Cheiranthus Cheri L.] 


Radicula Nasturtium-aquaticum Rendle & Britten 1, 2, 3, 4, 5, 6. 


(b) swfolia (Rendle & Britten) 3. 
R. sylvestris Druce 1, 3, 5. 
R. palustris Moench. 1, 2, 3. 
R. amplibia Druce 1, 3, 5. 
Barbarea vulgaris Ait. 1, 2, 3, 6. 
B. stricta Andrz. 3. 
Arabis hirsuta Scop. 1, 3, 5, 6. 
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A. Turrita L. See former list. 

Cardamine amara L. 1. 

C. pratensis L. 1, 2, 3, 4, 5, 6. 

(b) dentata (Schultes 3 (Cherry Hinton: extinct). 

C. hirsuta L. 1, 2, 4, 5 

[Alyssum alyssoides ie 

Erophila verna E. Meyer 1, 2, 3, 4, 6. 

E. precoz DC. 1, 6. 

E. virescens Jord. 4. 

Cochlearia anglica L. 1.° Apparently extinct near Wisbech, and 
not found nearer to the county than Denver. 

[C. Armoracia L.] 

Sisymbrium Thalianum Gay 1, 3, 4, 6. 

S. officinale Scop. 1, 2, 3, 4, 5, 6. 

(b) leiocarpon DC. 

S. Sophia L. 1, 2, 3, 5, 6. 

S. Irio. See former list. | 

S. Alliaria Scop. 1, 2, 3, 4, 5, 6. 

Erysimum cheiranthoides L. 1, 2, 3, 5, 6. 

[H. orientale Mill. 1, 3.] 

[Brassica campestris L. 

(a) Napus (L.). 
(b) Rutabaga (DC.). 
(c) Rapa (L.).] 

B. ngra Koch 1, 2, 3, 5. 

B. arvensis O. Kuntze 1, 2, 3, 4, 5, 6. 

B. alba Boiss A> 23> 5, 6 

[B. Erucastrum Vill. 3 (Devil’s Dyke, near Newmarket).] 

Diplotaxis muralis DC. 1, 2, 3. 

(b) Babingtoni Syme 1, 2, 3. 

D. nuralis, and its biennial form Babingtoniw, are thoroughly 
naturalized in districts 1, 2, 3, but not necessarily confined to 
them, especially on the railway lines. 

Capsella Bursa-pastoris Medic. 1, 2, 3, 4, 5, 6. 

Coronopus procumbens Gilib. 1, 2, 3, 4, 5. 

Lepidium latifolium L. See former list. 

L. ruderale L. 1, 3. 

[L. sativum L.] 

L. campestre Br. 1, 3, 5. 

L. heterophyllum Benth. 

(b) Smithii Hook. 1. 

[Z. Draba L. 1, 2, 3, 5.] 

Thlaspi arvense L. 1, 2,3. Babington gives no record later than 
that of Relhan, but we can now give Chatteris, Aldreth Bridge, 
Waterbeach, Bottisham Lode, Devil’s Dyke, Six Mile Bottom 
and Abington Park. 
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Iberis amara L. 2, 3. Perhaps native in 3. 

Teesdalia nudicaulis Br. 4. Still occurs in small quantity at 
Gamlingay, and may perhaps yet be found in 6 at or near 
Kennett, close to its Suffolk habitats. 

[Isatis tinctoria L. 1. Cultivated for the Woad Mills at Parson’s 
Drove, about six miles from Wisbech. ‘The balls of manu- 
factured woad are still used in combination with indigo to 
dye cloths for the Army and Navy. The mixture is said 
to give a more permanent colour than indigo alone.] 

Raphanus Raphanistrum L. 1, 2, 3, 5, 6. 


RESEDACEA. 


Reseda lutea L. 1, 2, 3, 6. 
he Tuteola Ll. 1, 2, 8, 4, 6. 


CISTACEA. 


Helianthemum Chanecistus Mill. 3, 4, 5,6. A pale form occurs on 
the Hildersham Furze Hills, an orange form at Stetchworth. 


VIOLACEA. 


Viola odorata L. 1, 3, 5, 6. 
(c) dumetorum (Jord.) 1, 2, 3. 
x lurta 1, 3. 
Me npria. a, 1; 2,3, 4,5): 6. 
(b) Foudrasi (Jord.) 3. 
(c) glabrata Beeby. 
(d) pinetorum Wiesb. 4. 
calearea Greg. 3. 
sylvestris Kit. 1, 2, 3, 5. 
(c) punctata Druce 2, 5. 
. Riviniana Reichb. 1, 3, 4, 5. 
(b) nemorosa (N. W. & M.) 5. 
ericetorum Hayne 1, 4. 
(b) crassifolia (Gronv.) 1 (Chatteris Turf Fen, A. Fryer: 
first British record). 
x stagnina 1. 
x Riviniana 4, 
stagnina Kit. 1. Still in Wicken Fen. 
tricolor L. 1. The forms are not yet worked out for the 
county, but there is a large form near Haddenham. 
(b) arvensis Murr. 1, 2, 3, 4, 5, 6. 


POLYGALACEA, 


ee 6, ee 


_ 


Polygala vulgaris L. 1, 3, 4, 5. 
P. serpyllacea Weihe 1. 4. Wimblington Firelots (Fryer), Chip- 
penham Fen (Bennett), Gamlingay (Evans and Moss). 
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P. calearea, F. Schultz. Recorded from Chippenham Moor by 
A. Fryer (in litt.), and allowed by A. Bennett. 


FRANKENIACES. 


Frankenia levis L. See former list. 


CARYOPHYLLACEZ. 


Dianthus deltoides L. 3, 4. Found with pink and with white 
flowers at Hildersham; with pink at Gamlingay (1910). 

[D. Caryophyllus L. 1, 6. Relhan records this species from 
Chippenham and Leverington.] 

[Saponaria officinalis L. 1, 2, 3, 4, 6.] 

Silene latifolia Rendle & Britten 1, 2, 3, 4, 5, 6. 

(b) puberula (Jord.) 1, 2, 3, 5, 6. 

S. conica L. 6. 

S. Otites Wibel 6. In Babington’s Flora of Cambridgeshire this 
species is erroneously entered as S. anglica, which grows in 
Suffolk near Chippenham, and may yet be found in the 
county. 

S. noctiflora L. 1, 2, 3, 5, 6. 

Lychnis alba Mill. 1, 2, 3, 4, 5, 6. 

L. dioica L. 1. Found only as yet between Linton and Bartlow. 

L. Flos-cuculi L. 1, 4, 5, 6. 

L. Githago Scop. 1, 2%, 3, 5, 6. 

Cerastium semidecandrum L. 1, 2, 3, 4, 6. 

C. viscosum L. 1, 2, 3, 4, 5, 6. 

C. vulgatum L. 1, 2, 3, 4, 5, 6. 

C. arvense L. 1, 3, 4, 5, 6. Even on gault banks in 1. 

Menchia erecta Gaertn. 4. 

Stellaria aquatica Scop. 1, 2, 3, 5. 

S. media Vill. 1, 2, 3, 4, 5, 6. 

(b) apetala Ucria 1, 4, 6. 

S. Holostea L. 1, 2, 3, 4, 5, 6. 

S. palustris Retz. 1, 2, 3, 4. 

S. graminea L, 1, 2, 3, 4, 6. 

S. uliginosa Murr. 1, 4. 

Arenaria tenuifolia L. 1, 2, 3, 6. 

(b) laxza (Jord.) 1, 3. 

A. trinervia L. 1, 4, 5. 

A. serpyllifolia L. 1, 2, 3, 4, 5, 6. 

A. leptoclados Guss. 1, 2, 3, 4, 5, 6. 

Sagina maritima Don. 

(c) debilis (Jord.) 1. 
(d) densa (Jord.) 1 (Wisbech). 
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S. apetala Ard. 1, 2, 3, 4, 5, 6. 
(6) prostrata Gibs, 1. 

S. ciliata Fr. 1, 3, 4, 5, 6. 

S. procumbens L. 1, 2, 3, 4, 5, 6. 

S. nodosa Fenzl. 1, 3, 4, 6. A curious prostrate form of a dark 
green colour with opposite lateral branches, found at Wisbech, 
has not yet been determined. 

Spergula arvensis L. 3, 4, 6. 

S. sativa Boenn. 4. 

Spergularia rubra Pers. 1?, 3, 4. 

S. salina Presl. 

(b) media 1. River below Wisbech. 

S. marginata Kittel 1. River below Wisbech. 


PORTULACE. 


[Claytonia perfoliata Don 6. In great abundance at Kennett.] 
Montia fontana L. 
(a) minor All. 1, 2, 4. 


HYPERICACE. 


Hypericum perforatum L. 2, 3, 4, 5, 6. H. dubiwm is said to 
occur near Kirtling (J. of B., 1873, p. 274). 

H. quadrangulum L. 1, 4, 5, 6. 

H. humifusum L. 3, 4. 

H. pulchrum L. 8, 4 Still found at Gamlingay, but Babington 
alone records the plant from Hinton. 

A. hirsutum L. 3, 4, 5. 

HI. elodes L. See former list. 


MALVACE4. 
Althea officinalis L. 1. 
Malva moschata L. 1, 3, 5. Some of the records may refer to 
heterophylla. 
(6) heterophylla Le}j. 2. 
M. sylvestris L. 1, 2, 3, 4, 5, 6. 
M. rotundifolia L. 1, 2, 3, 5. 


TILIACES. 


[Tilia platyphyllos Scop. Planted. Rare.] 
(7. vulgaris Hayne. Planted.] 
T. cordata Mill. 1, 4, 5. 


LINACEA. 


Radiola linoides Roth. 3. We have only Babington’s record “ near 
_ Newmarket.” 
Tinum catharticum L. 1, 3, 4, 5, 6. 
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L. perenne L. 1, 3, 5. 

[L. usitatissimum L.] 

GERANIACEZ. 

Geranium sanguineum L. 3, 5. Records from Wood Ditton, 
Stetchworth and Balsham need confirmation, but the plant 
is still found cn the Devil’s Dyke not far from the two places 
first named, 


G. pheum L.] 


rl, 


G. pratense L. 1, 2, 3, 5. 

G. pyrenaicum Burm. 1, 2, 3, 6. The pale-flowered form occurs 
on the Hills Road, the darker-flowered form elsewhere. 

G. motle L. 1, 2, 3,455; 16: 

G. pusillum L, 1, 2, 3, 4,5, 6. Especially common in 6, and on 
fen banks. 

G. rotundifolium 1, 3, 4. Only known at present in or near 
gardens at Chatteris and Newmarket; older records from 
Cambridge and Gamlingay will be found in Babington’s 
Flora of Cambridgeshire. 

G. dissectum L. 1, 2, 3, 4, 5, 6. 

G. columbinum L. 3. Once found at Harlton (Babington’s Flora 


of Cambridgeshire). 

G. lucidum L. 1, 3. We have only the records in Babington’s 
Flora of Cambridgeshire, from Wisbech, Quy, Chesterton and 
Barnwell. . 

G. Robertianum L. 1, 2, 3, 4, 5, 6. 

Erodium cicutariwm L’Her. 1, 3, 4, 5, 6 (on sandy or gravelly soil). 

E. moschatum L’Her. 1,4. In all probability a casual, but recently 
observed by A. H. Evans in Burwell Fen. 


OXALIDACEA, 
Oxalis Acetosella L. 5. Not recently observed. Babington’s 
records probably all refer to 5. 
[O. stricta L.] 
BALSAMINE. 
[Impatiens parviflora DC.] 
AQUIFOLIACEZ. 
Ilex Aquifolium L. Perhaps native in 4, 5, 6. 


CELASTRACE. 
Euonymus europeus L. 1, 2, 3, 5, 6. 


RHAMNACES. 

Rhamnus catharticus L. 1, 2, 3, 5, 6. 
R. Frangula L. 1, 3, 4. Besides Wicken and Chippenham Fens, 
we have old records for Fulbourn, Wilbraham, Hildersham, 


Odsey, and Gamlingay. 
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ACERACEA. 


[Acer Pseudo-Platanus, L. Planted.] 
A. campestre L. 1, 2, 3, 4, 5, 6. 
(b) letocarpon Wally. 5. 


LEGUMINOS&. 

Gemsta anglica L. 3, 4, 5 
G. tinctoria L. 3, 5. 

3 refers to the Furze Hills, Hildersham, where sand over- 

lies the chalk. 

Ulea europeus L. 2, 3, 4, 5, 6. (Chiefly in 4, 6.) 
U. minor Roth. 3. Probably ena 
Cytisus scoparius Link. 1, 3, 4, 5, 6. 
Ononis repens L. 1, 2, 3, 4, 5, 6. 

(6) horrida Lange 3. 
O. spinosa L. 1, 2, 3, 5, 6. 
[Medicago sativa L.] 
M. sylvestris Fr. 3, 6 (Hildersham, Snailwell, Chippenham). 
M. Falcata L. 3, 6. 
M. lupulina L. 1, 2, 3, 4, 5, 6. 
M. arabica Huds. 1, 2, 4. 
M. minima Desr. 3, 6. 
Melilotus altissima Thuill. 1, 2, 3, 4, 5. 
[M. alba Desr.] 
[M. officinalis Lam. 1, 2, 3, 5, 6.] 
[M. indica All. 2.] 
Trifolium subterraneum L. 3, 4, 6? 
T. pratense L. 1, 2, 3, 4, 5, 6. 

(c) parviflorum (Bab.) 1. 
T. medium L. 38, 5. 
T. ochroleucon Huds. 1, 2, 3, 4, 5. Common in 5. 
[T. incarnatum L.] 
T. arvense, L. 1, 3, 4, 5, 
T. striatum L. te Ban Ae 
T. scabrum L. 1, 2, 3, 4, 
[T. hybridum LJ 
w repens, L. 1, 2,3 4, 5, 6. 
T. fragiferum L. 1, 2 , 2 5. 
T. procumbens L. 1, 2, 3, 4, 5, 6. 
T. dubium Sibth. 1, 2, 3, 4, 5, 6. 
T. filiforme L. 4. Records from near Cambridge and Ely need 

confirmation, 

Anthyllis Vulneraria L. 1, 3, 6. 

(d) Allionit DC. 1. 
Lotus corniculatus L. 1, 2, 3, 4, 5, 6. 
LI. tenuis Waldst. & Kit. 2, 3, 4, 5. 


6. (On dry soil.) 
5, 6. (On sandy or gravelly soil.) 
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L. uliginosus Schk. 1, 2, 3, 4, 5, 6. (With var. glaber Bréb. in 4.) 
Astragalus danicus Retz 3, 5, 6. 

A. glycyphyllos L. 1, 2, 3, 5. 

Ornithopus perpusillus L. 4, 6. 

Hippocrepis comosa L. 3, 6. 

Onobrychis vicicefolia Scop. oes, ae, 

Vicia hirsuta Gray 1, 2, 3, 4, 5. 

V. tetrasperma Moench. 3, 4, 5. 

V. gracilis Lois. 1, 2, 5. 

V. cracca L. 1, 2, 3, 4, 5, 6. 

V. sylvatica. See former list. 

V. sepium L. 1, 2, 3, 5. (Very local.) 

[V. satwa L.] 

V. angustifolia L. 1, 6. 

(b) Bobarti Koch 4. 

V. lathyroides L. 5 ?, 6. 

Lathyrus Aphaca L. 1, 2, 3, 5. 

LL. Nissolia L. 2. Near Long Stanton. Also recorded from near 
Ely by W. Cross (in litt. to A. Bennett) possibly from Had- 
denham, where Ray found the plant. 

L. pratensis L. 1, 2, 3, 4, 5, 6. 

L. sylvestris L. 3, 5. 

L. palustris L. 1. There is also an old record by J. Martyn for 
Little Eversden. 


ROSACEA. 


Prunus spinosa L. 1, 2, 3, 4, 5, 6. 

(b) macrocarpa Wallr. 3, 5 
P. wsititia L. 2, 3, 5, 6. 
[P. domestica L.] 
P. avium L. 3, 4 
P. Cerasus L. 3 (extinct). 
[P. Padus L. Planted.] 
Spirea Ulmaria L. 1, 2, 8, 4, 5, 6. 
S. Filipendula L. 1, ay 4, 5, 6. 
Rubus ideus L. 8, 4, 

(b) i le (Willd.) 5? 
. thyrsoideus Wimm. 1, 2?, 3, 5. 
. rusticanus Mere. 1, 2, 3, 4215516. 
radula Weihe 5. 
. Koehlert Wh. & N. 3, 5. 
. dumetorum Wh. & N. 
(c) dwersifolius 3, 5. 
. corylifolius Sin. 
(a) sublustris (Lees) 1, 2, 3, 5, 6. 

. Balfourianus Blox. 1, 3, 5. 
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R. cesius 3, 5. 
Geum urbanum L. 1, 2, 3, 4, 5, 6. 
G. rivale L. 1, 5. 
x urbanum (=intermedium Ehrh.) 5. 
Fragaria vesca L. 1, 2, 3, 4, 5, 6. 
Potentilla sterilis Garcke 1, 2, 3, 4, 5. 
verna L. 8, 4. (4 refers to ““ White Wood, Gamlingay,” Relhan.) 
erecta Hampe 1, 2, 3, 4, 5, 6. 
procumbens Sibth. 4, 5. 
meptans L. 1, 2, 3, 4,°5, 6. 
Anserina L. 1, 2, 3, 4, 5, 6. 
argentea L. 1, 3, 4, 6. (1 refers to St Peter’s College Grove, 
Cambridge.) 
palustris Scop. 1, 4. 
Alchemilla arvensis Scop. 1, 2, 3, 4, 5, 6. 
A, vulgaris L. 3, 5. (Not found recently.) 
Agrimona Eupatoria L. 1, 2, 3, 4, 5, 6. 
Poterium Sanguisorba L. 2, 3, 5, 6. 
[P. polygamum Waldst. & Kit. 3, 5, 6.] 
P. officinale A. Gray 1, 3, 5. 


(The following list of Roses is only tentative and, it is hoped 
will soon be augmented.) 


Rosa arvensis Huds. 1, 2, 3, 4, 5. (Chiefly in the west.) 
R. stylosa Desv. 

(6) systyla 1, 2, 3, 4, 5. 
R. canna L. (agg.) 1, 2, 3, 4, 5. 

(0) surculosa (Woods) 1, 3, 5. 
R. micrantha Sm. 5, 6. 
R. Eglanteria L. 3, 5, 6. (Other records doubtful.) 
R. agrestis Savi. 
R 
R 


Ww NNN 


(d) wnodora Hook fil. 3, 5. 

. mollissima Willd. (= tomentosa Sm.) 3, 5. 

var. sherardi (Davies). 

. villosa L. 1, 4. Recorded from near Cambridge and Gam- 
lingay, and by Mr A. Fryer from near Chatteris. There are 
specimens, confirmed by Crépin, in Babington’s Herbarium 
from Grantchester Lane and Balsham. 

R. spinosissima L. 1. Recorded by Henslow only, from hedges in 
the fens near Swaffham Prior. Needs confirmation. 

Pyrus torminalis Ehr.5, (Little Gransden and Gamlingay Wood.) 
P. Aucuparia Ehbrh. 4, 5. 
P. communis L. 3, 5. 
P. Malus UL. 

(a) acerba (DC.) 1, 2, 3, 4, 5; 6. 

(6) mitts (Wallr.) 5, 6. 


226 Mr Evans, A Short Flora of Cambridgeshire 


Crategus Oxyacantha L. 1, 2, 3, 4, 5, 6. 

(b) laciniata Wallr. 

(c) kyrtostyla (Fingerh.). i 
C. oxyacanthoides Thuill. 1, 2, 3, 4, 5, 6. Much less common than i 

the last species; yet not rare. 
x Oxyacantha 1, 2, 3. 
SAXIFRAGACE. 

Saxifraga tridactylites L. 1, 2, 3, 4, 5, 6. - 
S. granulata L. 1, 2, 3, 5, 6. 
Parnassia palustris L. 1, 3, 4. 
[Ribes Uva-crispa L.] 
[R. nigrum L.] $ 
[R. rubrum L.] 


CRASSULACE. 


Sedum Telephium L. 3, 5, 6. | 

[S. album L | 
(b) micranthum Bast.] 

[S. dasyphyllum .] 

S. acre L. 1, 2?, 3, 4, 5, 6. (Chiefly in 4, 6.) 

[S. sexangulare, L.] 

[S. reflecum L.] 

[Sempervivum tectorum L.] 


DROSERACEX. : 

Drosera rotundifolia L. 1, 3, 4. (Still in Chippenham Fen.) : 
D. anglica Huds. See former list. 
' 


D. longifolia L. See former list. 


HALORAGACE. 

Hippuris vulgaris L. 1, 2, 3, 5. 
Myriophyllum verticillatum L. 1, 2, 3, 4. 

(b) pectinatum a 1 (W. West). 
M. spicatum L. 1, 2, 8, 
M. alterniflorwm DC. Gane Brick Pits. 
Callitriche stagnalis Scop. 1, 2, 3, 4, 5 
C. obtusangula Le Gall. 1, 2 (C. palustris L. and C. intermedia 

Hoffm. (= hamulata Kuetz) need confirmation). 


PP an'4 ae a i 


LYTHRACES. 


Peplis Portula L. 4 (apparently extinct). 
Lythrum Salicaria L. 1, 2, 6. 
L. Hyssopifolia L. See former list. 


ONAGRACES. 


Epilobium angustifolium L. 1, 4, 5. 
E. hirsutum L. 1, 2, 3, 4, 5, 6, 
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E. parviflorwm Schreb. 1, 2, 3, 5. 

E. montanum L. 1, 2, 3, 4, 5, 6. 

EL. tetragonum Curt. ee 2, 4, af 

E. obscurwm Schreb. 4. (See Babington’s Flora of Cambridge- 
shire.) 

E. palustre L. 1, 3, 4, 5. 

[Gnothera biennis, L.] 

Circeea lutetiana L. 1, 3, 4, 5. 


CUCURBITACE. 
Bryonia dioica Jacq. 1, 2, 3, 4, 5, 6. 
UMBELLIFER. 


Hydrocotyle vulgaris L. 1, 2, 3, 4 
Sanicula europea L. 2, 3, 5. 
Conium maculatum L. 1, 2, 3, 4, 5, 6. 
Smyrnium Olusatrum L, 1, 2, 3. 
Bupleurum rotundifolium L. 1, 3, 
B. tenuissimum L. 1, 3, 5. Hinton Moor (J. Martyn), Eltisley 
(Ray): near Wisbech, Sutton, Ely and Reach. 
Apium graveolens L. 1, 2, 3, 5. 
A. nodiflorum Reichb. fil. 1, 2, 3, 6. 
(e) repens (Koch) 1, 3. 
A. inundatum Reichb. fil. 1, 2, 3, 4. 
Cicuta virosa L. See former list. 
[Carum Petroselinum Benth. & Hook, fil.] 
C. segetum Benth. & Hook. fil. 2, 3, 5 
1. Carn L. 1, 2, 3.] 
CO. Bulbocastanum Koch 3. 
Sison Amomum L. 1, 2, 3, 4, 5. 
Sium latifolium L. 1, 2. 
S. erectum Huds. 1, 2, 4 
Aigopodium Podagraria Lh, 2, 3; 4; 5, 6. 
Pimpinella Saaifraga L. 2, 3, 4, 5 
P. major Huds. 2, 5. 
Conopodium majus Loret 2, 4, 5. 
Cherophyllum temulum L. 1, 2 
Scandix Pecten-Veneris L. 1, 2 
Anthriscus vulgaris Bernh. 1, 2, 3, 4 
A. sylvestris Hoffm. 1, 2, 3, 4, 5, 6. 
Seseli Libanotis Koch 3. 
[Peniculum vulgare Mall. 3, 5.] 
(Enanthe fistulosa L. 1, 2, 4, 5. 
@. silaifolia Bieb. 1. Extinct in Grantchester Fields, but still 
found on Sutton Washes. 
@. Lachenalu C. Gmel. 1, 2, 3, 5. 
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(. aquatica Poir. 1, 2, 3, 5. 

Cf. flumatilis Colem. 1, 2, 3. 

Aithusa Cynapium L. 1, 2, 3, 4, 5. 

[Siler trilobum Crantz. (Cherry Hinton.)] 
Silaus flavescens Bernh. 1, 2, 3, 5, 6. 
Selinum Carvifolia L. 1. 

Angelica sylvestris L. 1, 2, 3, 5, 6. 
Peucedanum palustre Moench. 1. 

P. sativum Benth. & Hook. fil. 1, 2, 3, 5, 6. 
Heracleum Sphondylium L. 1, 2, 3, 4, 5, 6. 
Daucus Carota L. 1, 2, 3, 4, 5, 6. 

Caucalis latifolia L. See former list. 

C. daucoides L. 1, 3, 5. 

C. arvensis Huds. 1, 2, 3, 5, 6. 

C. Anthriscus Huds. 1, 2, 3, 4, 5, 6. 

C. nodosa Scop. 1, 2, 3, 5, 


ARALIACE. 
Hedera Helix L. 1, 2, 3, 4, 5, 6. 


CoRNACE. 


Cornus sanguinea, L. 1, 2, 5, 5, 6. 


CAPRIFOLIACE. 


Adoxa Moschatellina 1. Shelford (Relhan) and round Cambridge. 
Sambucus nigra L. 1, 2, 3, 4, 5, 6. 
[(b) laciniata Mill.) 
S. Lbulus 1.1, 2, 3; 5. 
Viburnum Opulus L. 1, 2, 3, 5, 6. 
V. Lantana L. 1, 3, 5. 
Lonicera Caprifolium L. 1, 2, 3, 6. 
L. Periclymenum L. 1, 2, 3, 4, 5, 6. 


RUBIACE. 


Galium Cruciata Scop. 1, 2, 3, 4, 5, 6. 
G. verum L. 1, 2, 3, 4, 5, 6. 
x erectum 1? (Wicken Fen). 
. erectum Huds. 1, 2, 3, 4, 5. 
. Mollugo L. 1, 2, 3, 4, 5, 6. 
. saxatile L. 4, 6. 
. palustre L. 1, 2, 3, 4, 5, 6. 
(b) elongatwm (Presl.) 1, 2, 4, 5. 
(c) Witheringw (Sm.) 1, 5. 
. uliginosum L. 1, 3, 4, 5, 6. 
. anglicum Huds. 1, 6. 
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fe “paring L. 1, 2,3, 4, 5, 6. 

G. tricorne Stokes 1, 2, 3, 5. 

Asperula odorata L. 3, 5. No record since 1860, 
A. cynanchica L. 3, 5. 

Sherardia arvensis L. 1, 2, 3, 4, 5, 6. 


VALERIANACEZ. 


Valeriana dioica L. 1, 3, 5. 

V. officinalis L. (= Mikanit Syme) 1, 3, 5. 

V. sambucifolia Mikan. 1, 2, 3, 5. 

[Kentranthus ruber DC.] 

Valerianella olitoria Poll. 1, 2, 4. 

V. rimosa Bast. 1, 5. 

V. dentata Poll. 3, 5. Also found near Cottenham. 


DIPSACACES. 


Dipsacus sylvestris Huds. 1, 2, 3, 5. 
D. pilosus L. 1, 2, 3, 5. 

seabiosa Succisa L. 1, 2, 3, 4, 5, 6. 
S. Columbaria L. 1, 3, 5, 6. 

S. arvensis L. 1, 2, 3, 5, 6. 


CoMPOSIT. 


Eupatorium cannabinum L. 1, 2, 3, 5, 6. 
Solidago Virgaurea L. 4. 
Bellis perennis L. 1, 2, 3, 4, 5, 6. 
[Aster salignus 1 (Wicken Fen).] 
A. Tripolium L. 1. (Extends inland as far as Sutton.) 
[ Erigeron canadense L. Thoroughly established and common in 
many places. | 
E. acre L. 1, 3, 6. A record from Barton may refer to the 
gault (2). 
Filago germanica L. 1, 2, 3, 4, 5, 6. 
F. apiculata (G. E. Sm.) 4. Also in a garden at Chatteris. 
F. spathulata (Presl.) 1, 2, 3, 4, 5, 6. 
F. minima Fr. 1, 3, 4, 6. 
Antennaria dioica Gaertn. 3, 4, 6 (not found recently). 
Gnaphalium uliginosum L. 1, 2, 3, 4, 5. 
(b) pilulare (Wahl.) has been found at King’s Hedges 
near Cambridge, at Toft and near Chatteris. 
G. luteo-album. See former list. 
G. sylvaiicum L. 4. 
[Inula Helenium L. (not found recently).] 
I. squarrosa Bernh. 1, 3, 6. 
Pulicaria dysenterica Gray 1, 2, 3, 5, 6. 
P. vulgaris Gaertn. See former list. 
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Bidens cernua lL. 1, 3, 5. 
B. tripartita L. 1, 2, 4, 5. 
Achillea Millefolium L. DeBy AyD. iG: 
A. Ptarmica L. 1, 2, 3, 4, 5. Rare in the county. 
Anthemis Cotula L. 1, 2, 3, 5, 6. 
A. arvensis L. 2, 3, 4, 5, 6. No recent record. 
A. nobilis L. 1. 
Chrysanthemum segetum L. 1, 2, 3, 4. 
C. Leucanthemum L. 1, 2, 3, 5, 6. 
[C. Parthenium, Bernh.] 
Matricaria inodora L. 1, 2, 3, 4, 5, 6. 
M. Chamomilla L. 1, 2, 3, 4, 5. 
[M. suaveolens Buch. 1. (Foul Anchor.)] 
Tanacetum vulgare L. 1, 2, 3, 4, 5. 
Artemisia Absinthium L. 1, 2, 3, 4. 
A. vulgaris i. V, 2,3, 4,5, 6. 
A. maritima L. 1. 
Tussilago Farfara L. 1, 2, 3, 4 5, 6. 
[Petasites fragrans Presl.] 
P. ovatus Hull 4,-3.5; 0: 
Senecio vulgaris L. 1, 2, 3, 4, 5, 6. 
x squalidus. A weed in the Botanic Garden, introduced 
from Oxford. 
. sylvaticus L. 1, 2, 3, 4. 
. viscosus L. 1, 22, 4? (Recently found on waste ground at 
Cambridge.) 
. erucifolius L. 1, 2, 3, 4, 5. 
Jacobea L. 1, 2, 3, 4, 5, 6. (Has increased much during the 
last thirty years on fields that were once wet fen.) 
aquaticus Hill 1, 2, 3, 4, 5, 6. 
paludosus L. See former list. 
. palustris Hook. See former list. 
. wntegrifolius Clairv. 3. 
Carlina vulgaris L. 1, 2, 3, 5. 
Arctium majus Bernh. 1, 2, 3, 5, 6. 
(b) subtomentosum Lange 1, 2, 5. 
A. nemorosum Lej. 1, 2, 3, 5. 
A. minus Bernh. 1, 2, 3, 5, 6. 
A. pubens Bab. (=intermedium Lange fide Bab. in Herb.) 1, 2, 
Be) Gs: 
Carduus nutans L. 1, 2, 3, 5, 6. 
C. crispus L. 1, 2, 3, 5, 6. 
Cnicus lanceolatus Willd. 1, 2, 3, 4, 5, 6. 
C. eriophorus Roth. 2, 3, 5. (Also as a casual at Cambridge.) 
C. palustris Willd. 1, 2, 3, 4, 5, 6. 
C. pratensis Willd. 1, 3. 
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C. acaulis Willd. 1, 2, 3, 4, 5, 6. 
(b) caulescens Pers. 3. 

C. arvensis Hoffm. 1, 2, 3, 4, 5, 6. 

[Onopordum Acanthium L. 1, 2, 3, 4, 5, 6.] 

[Silybum Marianum Gaertn. 1, 2, 3.] 

Serratula tinctoria L. 1, 2, 3, 5. 

Centaurea mgra L. 1, 2, 3, 4, 5, 6. 

C. Scabiosa L. 1, 2? 3, 4, 5, 6. 

C. Cyanus L. 1, 2, 3, 4, 5, 6. (Now very rare.) 

CO. Calcitrapa L. 1, 8. Not recorded since Babington wrote in 
1860. 

[C. solstitialis L. 1, 2,3. Still occurs near Hildersham, Dullingham 
and Doddington. ] 

Cichorium Intybus L. 1, 2, 3, 5, 6. 

Arnoseris minima Schweigg. & Koerte. See former list. 

Lapsana communis L. 1, 2, 3, 4, 5, 6. 

Picris hieracioides L. 1, 3, 4, 5. 

P. echioides L. 1, 2, 3, 5. 

Crepis fetida L. See former list. 

C. taraxacifolia Thuill. 1, 2, 3, 5. 

C. capillaris Wallr. 1, 2, 3, 4, 5, 6. 

C. biennis L. 2, 3. 

HMieracium Pilosella L. 1, 3, 4, 5, 6. 

H. boreale (Fr.) 4. 

H. umbellatum L. 3, 4. Recorded from Hildersham by J. Martyn 
and from Gamlingay by P. Dent. 

Hypocheris glabra L. 4, 6. 

a radicata 1,1, 2:3, 4, 5, 6. 

H. maculata L. 3. 

Leontodon nudicaule Banks & Soland L. 1, 3, 4, 5, 6. 

L. hispidum L. 1, 2, 3, 5, 6. 

I. autumnale L. 1, 2, 3, 4, 5, 6. 

Taraxacum officinale Weber. Common. 

T. erythrospermum Andrz. 1, 3, 4, 6. 

T. palustre DC. 1. The true plant is common in parts of the 
Fens, and is said to have occurred elsewhere. 

(b) udum (Jord.) 1. 

Lactuca virosa L. 1, 3. (Not observed since 1860.) 

L. Serriola L. 1, 2, 3. This species was probably always an alien: 
it was last seen about 1885 by Mr A. Fryer, at Chatteris. 

L. saligna L. 1. (Still found near Mepal.) 

L. muralis Gaertn. 1, 6. 

Sonchus oleraceus L. 1, 2, 3, 4, 5, 6. 

@. esper Hill 1, 2, 3; 4, 5, 6: 

S. arvensis L. 1, 2, 3, 4, 5, 6. 

S. palustris L. See former list. 


16—2 
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Tragopogon pratense L. 
(6) minus (Mill.) 1, 2, 3, 4, 5, 6. 
[T. porrifolius L.] 
x pratense 1. (Found at Chesterton by Mr A. Wallis.) 


CAMPANULACE. 


Jasione montana L, 3, 4. (Newmarket, Hildersham and still at 
Gamlingay.) 

Campanula glomerata L. 3, 5. 

C. Trachelium L. 3, 5. 

C. latifolia L. 2?, 5. (Comberton, Wood Ditton, Cheveley, Ely, 
not confirmed as a native.) 

[C. rapunculoides L.] 

C. rotundifolia L. 1, 3, 4, 5, 6. 

Legousia hybrida Delarbre. 1, 2, 3, 5, 6. 


VACCINIACEE. 
Oxycoccos quadripetala Gilib. See former list. 


ERICACE. 


Calluna vulgaris Hull. 3, 4, 6. Local. 
Erica Tetraliz L. 4. 
E. cinerea L. See former list. 


MONOTROPACE2. 
Monotropa Hypopitys L. 3, 5. 
PLUMBAGINACE. 


LInimonium vulgare Mill. 1. 
L. reticulatum Mill. See former list. 
Statice maritima Mull. 1. 


PRIMULACE. 


Hottonia palustris L. 1, 2, 3. (Almost confined to 1.) 
Primula elatior Jacq. 5. 

x verts 5. Rare. 

x vulgaris 5. Locally abundant. 
P. vulgaris Huds. 1, 3, 5. 

(b) caulescens Koch 5. 
P. verss L. 1, 3, 5, 6. 

x vulgaris 5. Rare. 
Lysimachia vulgaris L. 1, 2, 3, 5. 
L. Nummularia L. 1, 2, 3, 5. 
L. nemorum L. See former list. 
Glauz maritima L. 1. 
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Anagallis arvensis L. 1, 2, 3, 4, 5, 6. (With blue flowers in 1.) 

A. femina Mill. 1, 2,3. Some of the records may refer to blue- 
Howered A. arvensis. 

A. tenella Murr. 1, 3, 4. 

Centunculus minimus L. 4. (Not recorded since 1860.) 

Samolus Valerandi L. 1, 2, 3, 4, 5, 6. 


OLEACES. 


Fraxinus excelsior L. 1, 2, 3, 4, 5, 6. 
Ligustrum vulgare L. 1, 2, 3, 4, 5, 6. Often planted. 


APOCYNACE. 
[Vinca major L.] 
[V. minor L. 1, 3, 5.] 


GENTIANACEA, 


Blackstonia perfoliata Huds. 1, 2, 3, 5. 
Centaurium umbellatum Gilib. 1, 2, 3, 4, 5, 6. 
C. pulchellum Druce 1, 2, 3, 5, 6. 
Gentiana Amarella L. 1, 3, 5. 
(6) aaillaris Murb. 1, 5. 
Menyanthes trifoliata L. 1, 3, 4. 
Nymphordes peltatum Rendle & Britten 1, 2. (Locally abundant.) 


BORAGINACEA. 


Cynoglossum officinale L. 1, 2, 3, 5, 6. 
[Asperugo procumbens L. Recorded by Ray from Newmarket. ] 
Symphytum officinale L. 1, 2, 3, 5. 
(b) patens (Sibth.) Wisbech (Skrimshire). 
[Borago officinalis L.| 
[Anchusa sempervirens L.] 
Lycopsis arvensis L. 1, 2, 3, 4, 6. 
Myosotis cespitosa Schultz 1, 2, 4 
M. palustris Hill 1, 3, 4, 6. 
(b) strigulosa (Reichb.) 1. 
M. arvensis Hill 1, 2, 3, 5, 6. 
(b) umbrosa (Bab.) 1, 5. 
M. collina Hotfm. 1, 3, 4, 6. 
M. versicolor Sm. 1, 3, 4. 
Inthospermun officinale L. 1, 2, 3, 5, 6. 
L. arvense L. 1, 3, 5, 6. 
Echium vulgare L. 1, 3, 5, 6. 
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CONVOLVULACE, 
Calystegia sepium Br. 1, 2, 3, 4, 5, 6. Well established in Wicken 
Fen and elsewhere. 
Convolvulus arvensis L. 1, 2, 38, 4, 5, 6. 
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Cuscuta europea L. 1, 2, 3, 5. 
C. Epithymum Murr. 4. 
C. Trifolii Bab.? (West, J. of Bot. 1898, p. 254.) 


SOLANACES. 


Solanum Dulcamara L. 1, 2, 3, 4, 5, 6. 

S. ngrum L. 1, 2, 3, 4, 5, 6. 

[Lyciwm chinense Mill.] 

Atropa Belladonna L. 1, 2, 3, 5. 

[Datura Stramonium L.] 

Hyoscyamus niger L. 1, 2, 3, 5, 6 (of uncertain appearance). 


SCROPHULARIACEZ. 


Verbascum Thapsus L. 1, 2, 3, 4, 5, 6. 

V. ngrum L. 3, 5, 6. 

[Linaria Cymbalaria Mill. 1, 2, 3, 4, 5, 6.] 

L. Elatime Mill. 1,82, 4375-56. 

L. spuria Mill. 1, 2, 3, 5, 6. 

[L. purpurea Mill.) 

L. vulgarts Mill. 1, 2, 3, 4, 5, 6. 

L. minor Desf. 2, 8, 4, 5, 6. 

[Antirrhinum majus L.] 

A. Orontium L. 3, 6. 

Scrophularia aquatica L. 1, 2, 3, 4, 5, 6. 

S. nodosa L. 1, 2, 3, 4, 5. 

[S. vernalis L.] 

Limosella aquatica L. 1, 4. 

Digitalis purpurea L. 4,5. First found by Mr R. H. Adamson and 
Dr C. E. Moss in 1909 in White Wood, Gamlingay. It also 
occurs in Gamlingay wood. 

Veronica hederefolia L. 1, 2, 3, 4, 5, 6. 

V. didyma Ten. (=polita Fr.) 1, 2, 8, 4, 5, 6. 

(b) grandiflora (Bab.) 3, 5? 

. agrestis L. 1, 2, 3, 4, 5, 6. 

Tournefortu C. Gmel. 1, 2, 3, 4, 5, 6. 

arvensis L. 1, 2, 3, 4, 5, 6. 

. serpyllifolia L. 1, 2, 5. 

. spicata L. See former list. 

officnalis L. 3, 4, 5, 6. 

Chamedrys L. 1, 2, 3, 4, 5, 6. 

montana L. 2, 3, 4, 5. (Observed in Doddington Wood by 

A. Fryer (1881).) 

scutellata L. 1, 2, 3, 4,5, 6. (Decidedly rare, though widely 

spread.) 

Anagallis L. 1, 2. 

. Beccabunga L. 1, 2, 3, 4. 
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Huphrasia Kerneri Wettst. 3. 

E. borealis (Towns.) 1. 

E£. stricta (Host.) 3. 

EL. nemorosa H. Mart. 5. 

Bartsia Odontites Huds. 1, 2, 3, 4, 5, 6. 

Pedicularis palustris L. 1, 3, 4. 

P. sylvatica L. 3, 4, 5. Last found at Chippenham (A. Fryer, 
1883, in litt.). 

Rhinanthus Crista-galli L. 1, 3, 5. 

R. stenophyllus Schur. 1. 

Melampyrum cristatum L. 4, 5. 

M. pratense L. 4, 5. (Not observed of recent years.) 


OROBANCHACE. 


Orobanche major L. 1, 4. 

OQ. elatior Sutton 1, 3, 5. (O. hedere and O. rubra are grown 
in the Botanic Garden at Cambridge from seed.) 

O. Picridis F. Schultz 5. 

O. minor Sm. 1, 3, 5, 6. 

Lathrea Squamaria L. 


LENTIBULARIACE, 


Utricularia vulgaris L. 1, 2,3. (U. major is suspected by Mr A. 
Bennett to occur in Burwell Fen. See J. B. 1903, p. 245.) 

U. minor L. 1, 2, 3, 4. (Now confined to 1.) 

Pingucula vulgaris L. 1, 3, 4 


V ERBENACEZ. 
Verbena officinalis L. 1, 2, 3, 5, 6. 


LABIATA. 
[Mentha rotundifolia Huds. 1?,3. Reported only by Dent and 


Relhan. ] 

[M. longifolia Huds. 1, 2, 3. The records are somewhat doubtful.] 
[M. spicata L.] 
MD pipertia L. 1, 2, 3, 5. 
M. aquatica L. 1, 2, 4, 5. 

x arvensis (satwa L.) 1, 3, 5, 6. 

(b) paludosa Sole 1, 5. 
M. gentilis L. 1. 
M. arvensis L. 1, 2, 3, 4, 5, 6. 
M. Pulegium L. 1, 3. (Not observed recently.) 
Lycopus europeus L. 1, 2, 3, 4 
Origanum vulgare L. 1, 3. 
Thymus Serpyllum L. 3, 5. 
T. precox Opiz 1. 
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T. Chamedrys Fr. 1, 3, 4, 6. T. lanuginosus Schk has been 
recorded from the Gog-Magog Hills (J. of B. 1908, p. 313); 
but see Watson Botanical Exchange Club, 1909—1910, p. 251. 

Clinopodium vulgare L. 1, 3, 4, 5, 6. 

Calamintha Acinos Clairv. 1, 3, 5, 6. 

C. Nepeta Savi. 1, 3, 6. 

C. montana Lam. 1, 3, 5, 6. 

Salvia Verbenaca L. 1, 3, 5, 6. 

Nepeta Cataria L. 1, 2?, 3, 5, 6. 

N. hederacea Trev. 1, 2, 3, 4, 5, 6. 

Scutellaria galericulata L. 1, 2, e 4. 

Prunella vulgaris L. 1, 2, 3, 4, 5, 6. 

P. laciniata L. 1. Recently fiat near Cambedes by Mr G. 
Goode. 

Marrubium vulgare L. 1, 2, 3, 4 

Stachys officinalis Trev. (= Betonica Benth.) 1, 3, 4, 5. 

S. palustris L. 1, 2, 3, 4, 5. 

x sylvatica (— ambigua Sm.) Fen Ditton (Relhan), Coton 
(Newbould). 

S. sylvatica L. 1, 2, 3, 4, 5, 6. 

S. arvensis L. 1, 3, 5. 

Galeopsis angustifolia Ehrh. 1, 3, 5, 6. 

G. speciosa Mill. 1, 2, 3. 

G. Tetrahiét L. 1, 2, 3, 4, 5, 6. 

[Leonurus Cardiaca L. 1, 3.] 

Lamium amplexicaule L. 1, 2, 3, 4, 5, 6. 

L. hybridum Vill. 1, 2, 3. 

L. purpureum L. 1, 2, 3, 4, 5, 6. 

[L. maculatum L.] 

LL. album . 1, 2; 3, 4, 5, 6. 

L. Galeobdolon Crantz 3, 5. 

Ballota nigra L. 1, 2, 3, 4, 5, 6. 

Teucrium Scordium L. See former list. 

T. Scorodonia L. 4. (Henslow also gives Ely.) 

Ajuga reptans L. 1, 2, 3, 5. 

A. Chamepitys Schreb. 3. 


PLANTAGINACES, 


Plantago major L. 1, 2, 3, 4, 5, 6. 
Pamemea iL, 1, 2, 3, 4,5, 6. 
P. lanceolata L. 1, 2, 3, 4, 5, 6. 
[(b) Timbali (Jord.)] 
P. maritima L. 1. 
P. Coronopus L. 1, 4. 
Inttorella uniflora Aschers. 3, 4 (Ray and Relhan only). 
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ILLECEBRACE. 


Herniaria glabra L. 3. Found in 1855 by Newbould near Six 
Mile Bottom. It grows near our borders in Suffolk. 
Scleranthus annuus L. 1, 3, 4, 6. 


AMARANTHACE. 
[Amaranthus Blitum L.] 
CHENOPODIACES. 


Chenopodium polyspermum L. 1, 2, 4, 5. 

(b) cymosum Mog. 1. 
C. Vulvaria L. 1. 
eon Lb. 1, 2, 3, 4 5,. 6. 

(b) wride (Syme) 1, 4 
(c) paganum (Reichb.). 
| serotinum L. 1, 2, 3, 4. 
. murale L. 1. (Disappears and reappears—Waterbeach, 1906, 
A. H. Evans.) 

. hybridum L. 1, 2. 
. urbicum L. See former list. 
[rubrum L. 1, 2, 3. 
. Bonus-Henricus L. 1, 2, 3, 4, 5. 
Beta maritima L. 1. 
Atriplex littoralis L. See former list. 
A. patula L. Common. 

(by “erecta, (Huds.) 1, 2; 3, 5. 

(c) angustifolia (Sm.) 1, 2, 3, 5. 
A, hastata L. Common. 
A. deltoidea Bab. 1, 2, 3, 5. 
A. Babingtonit Woods 1. 
A portulacoides L. 1. 
A. pedunculata L. See former list. 
Sahcornia europea L. (= stricta Dum.) 1. 
Sueda maritima Dum. 1. 

(b) procumbens Syme 1. 
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POLYGONACEA, 


Polygonum Convolvulus L. Common. 
(b) subalatum V. Hall 2, 4. 

P. aviculare L. Common. The forms of this species need further 
working out before the distribution can be properly given for 
the county. 

P. Hydropiper L. 1, 4, 5. 

P. minus Huds. 1. Now only known from the Old Bedford 
River. 

P. mite Schrank 1. 
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P. Persicaria L. Common. 

P. lapathifolium L. Common. 

P. maculatum Trim. & Dyer 1. 

P. amphibium L. 1, 2, 3, 4, 5. 

P. Bistorta L. 1, 2, 3. Not seen recently. 

[Fagopyrum sagittatum Gilib. A common crop with Fen 
farmers. | 

Rumez conglomeratus Murr. 1, 2, 3, 5. 

R. sanguineus L. We have only Newbould’s doubtful records 

from Eversden and Kingston Woods. 

(b) viridis (Sibth.) 1, 2, 3, 4, 5, 6. 

. maritimus L. 1, 2, 5. 

. limosus Thuill. 1. 

. pulcher L. 1, 2, 3, 4, 5, 6. 

. obtusifolius L. 1, 2, 3, 4, 5, 6. 

. ertspus L. 1, 2, 3, 4, 5, 6. 
x obtusifolius 1, 2. 

. Hydrolapathum Huds. 1, 2, 3. 

. Acetosa L. 1, 2, 3, 4, 5, 6. 

. Acetosella L. 1, 2, 3, 4, 5, 6. 


THYMELEACEZ. 
Daphne Laureola L. 1, 2, 3, 5 (mainly on boulder clay). 


WNW ARRAS 


LORANTHACE. 


Viscum album L. Cambridge, doubtless introduced; Borley Wood 
on the oak (W. West). 


SANTALACEZ. 


Thesium humifusum DC. 3. As a locality, Chippenham Park 
Avenue (A. H. Evans) is interesting, as it confirms Relhan’s 
locality “ Chippenham.” 


EUPHORBIACE. 


Euphorbia Helioscopia L. 1, 2, 3, 4, 5. 
E. platyphyllos L. 2, 5. 
E. amygdaloides L. 5. 
E. Peplus L. 1, 2, 3, 4, 5, 

E. emgua L. 1, 2, 3, 4, 5, 
Mercurialis perennis L. 1, 2, 3, 4%, 5. 
M. annua L. 4, 6. (On greensand at Ely; at Fordham and 

Chippenham.) 


6. 
6. 


URTICACE. 


Ulmus glabra Huds. nec Mill (= montana Stokes). Rare in all 
the districts. 
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U. procera Salisb. (= glabra Mill nec Huds.), Common and widely 
spread. 
culties (= Huntingdon Elm). Commonly planted. 
U. campestris L. (= English Elm). Round most towns and villages. 
Local in hedgerows. 
U. hollandica Mill (= major Sm.). Local, in hedgerows. 
U. sativa Mill. Rather common. 
Humulus Lupulus L. 1, 2, 3, 4, 5, 6. 
Urtica dioica L. Common. 
(b) angustifoka Wimm. & Grab. 
[U. pilulifera L. 
(6) Dodartiw (L.). See former list. ] 
U. urens L. 1, 4, 6. 
Parietaria ramiflora Mcench. 1, 2, 3, 5, 6. 


MYRICACEA. 
Myrica Gale L. See former list. 


CUPULIFER. 


Betula alba L. Frequently planted. 
B. pubescens Ebrh. 1, 2, 4,5, 6. Perhaps native in the Fens and 
on Gamlingay greensand. 
(b) denudata E. S. Marshall 1, 4, 6. 
Alnus glutinosa Gaertn. 1, 3, 4, 5, 6. 
Carpinus Betulus L. 1, 2, 3, 4, 5. 
Corylus Avellana L. 1, 2, 3, 4, 5. 
[Quercus Cerris 4. Introduced. At Gamlingay it springs up on 
the greensand from self-sown seed.] 
Q. sessiliflora (Salisb.) 4. First record 1908, from White Wood, 
Gamlingay, by C. E. Moss. 
Q. Robur L. Common. 
x sessiliflora 4, First record 1908, from White Wood, 
Gamlingay, by C. E. Moss. 
[Castanea sativa Mill. Self-sown on the Gamlingay greensand. | 
Fagus sylvatica L. Perhaps native on the Gamlingay green- 
sand and on the chalk. 


SALICACES. 


Saliz triandra L. 1, 2, 3, 4. 
(b) Hoffmaniana (Sm.) 1, 4, 6. 
S. fragilis L. 1, 2, 4. 
Bega L. 1, 2,3, 4, 5, 6: 
(c) witellina (L.) 1. 
x fragilis (= viridis Fr.). 
x triandra (= undulata Ehrh.). Relhan records this form 
from Chesterton and Aldreth. 
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S. purpurea L. 1, 6. 
var. Forbyana (Sm.) 1, 5. 
x viminalis (= rubra Huds.) 1, 3. 
S. veminalis L. 1, 2, 3, 5. 
x acuminata 1, 3. 
S. Caprea L. 1, 2, 3, 4 5, 6. 
S. aurita L. 1, 3, i 6. The records need confirmation. 
S. cinerea L. 1, 2, %. 
var. ee "(Sin 2 sae 3: 
var. oleifolia (Sm.) 1, 5 
S. repens L. 1, 3, 4 
[Populus alba L.  Planted.] 
P. canescens Sm. 1, 3, 4, 6. 
P. tremula L. 1, 2, 3, 4, 5. Perhaps native at Gamlingay. 
(b) villosa (Lange) 5. 
P. mgra lL. 1, 2, 3, 6: Rare: 
[P. canadensis Meench. Very common, but always planted.] 


CERATOPHYLLACE. 


Ceratophyllum demersum L. 1, 2, 3, 
C. submersum L. 1. 


Monocotyledones. 


HYDROCHARIDE. 


[Hlodea canadensis Michx. 1, 2, 3, 5.] 
Hydrocharis Morsus-rane L. 1. 
Stratiotes Aloides L. 1, 2. 


ORCHIDACE. 


Malazis paludosa Sw. See former list. 

LTiparis Loeselii Rich. See former list. 

Neottia Nidus-avis Rich. 5. 

LTistera ovata Br. 1, 3, 5, 6. 

Spiranthes spiralis Koch 1, 3. 

Cephalanthera grandiflora Gray 3. Locally plentiful. 

Helleborine latifolia Druce 5? 

H. media E. S. Marshall 3, 5. 

H. longifolia Rendle & Britten (= Epipactis palustris Crantz) 1, 3, 
4. Extinct at Gamlingay. 

Orchis pyramidalis L. 1, 3, 5. 

. ustulata L. 3. 

. morio L. 1, 2, 3, 5. 

. mascula L. 1, 3, 5 

. incarnata L. 1, 3. 
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0. latifolia L. 1, 3, 5. 

O. maculata L. 1, 2 pags ac eae 

Aceras anthropophora Br. 3. 

Ophrys apifera Huds. 1, 2, 3, 5. 

O. sphegodes. See former list. 

O. muscifera Huds. 1, 3, 5. 
Herminium Monorchis Br. 3. 
Habenaria conopsea Benth. 1, 2, 3, 5. 
HI, wridis Br. 1, 3, 5. 

H. bifolia Br. 3. 

H. wrescens Druce (=chloroleuca Ridley) 2, 3, 5. 


IRIDACE. 


Iris feetidissima L. 1, 3, 5. 
I, Pseudacorus L. 1, 2, 3, 5, 6. 


AMARYLLIDACEZ. 
Narcissus Pseudo-Narcissus L. 1, 3. Doubtfully native. 


DIOSCOREACE. 
Tamus communis L. 1, 2, 3, 5. 


LILIACEZ. 


Ruscus aculeatus L. 2, 3. 

Convallaria majalis L. 4. Native in a wood at Gamlingay. 
Allium vineale L. 1, 2, 3, 5, 6. 

A. oleraceum L. 3. 

A. ursinum L. 1, 5. 

Muscart racemosum Lam. & DC. 3. 

Scilla non-scripta Hotfmgg. & Link 2, 3, 4, 5 
[Ornithogalum nutans L. 1, 3.] 

O. umbellatum L. 6. 

O. pyrenaicum L. Recorded by Dent from Eversden. 
Fritillaria Meleagris L. See former list. 

Colchicum autumnale L. See former list. 

Narthecium ossifragum Huds. See former list. 

Paris quadrifolia L. 5. 


J UNCACES. 


Juncus bufonius L. 1, 2, 4, 5, 6. 

. squarrosus L. 4. a ormerly in 3 also. 

. compressus L. 1, 2. Formerly in 38 also. 

_ Gerardi Lois. 1. 

. inflecus L. (= glaucus Ehrh.) 1, 2, 3, 4, 5, 6. 
J. effusus L. 1, 2, 4, 5. 
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J. conglomeratus L. 1, 2, 4, 5. Some of the records need con- 
firmation. 
J. bulbosus L. (= supinus Meench.) 1, 3, 4, 5. 
J. subnodulosus Schrank (= obtusiflorus Ehrh.) 1, 3. 
J. articulatus L. 1, 2, 3, 4, 5, 6. 
J. sylvaticus Reich. (=acutiflorus Ehrh.) 1, 2, 4, 5. 
Luzula pilosa Willd. 5. 
L. sylvatica Gaud. is recorded from Wood Ditton in Babington’s 
Flora of Cambridgeshire, q.v. 
L. campestris DC. 1, 3, 4, 5, 6. 
L. multiflora DC. 1, 3, 4, 6. 
(b) congesta (Lej.) 1, 4, 6. 
TYPHACEZ. 
Typha latifolia L. 1, 2, 3, 4, 5. 
T. angustifolia L. 1, 2, 3, 5, 6. 
Sparganium erectum L. (= ramosum Curt.). Common. 
S. simpler Huds. 1, 2, 5. 
S. minimum Fr. 1, 3. 3 refers to Triplow Peat Holes. 


ARACER. 
Arum maculatum L. 1, 2, 3, 4, 5, 6. 
Acorus Calamus L. 1, 2. (Lately found at Roswell Pits by A. H. 


Evans.) 


LEMNACE. 
Lemna trisulca L. 1, 2, 3, 5. 
LI. minor L. Common. 
L. gibba L. 1, 2, 3, 5. 
L. polyrrhiza L. 1, 2, 5. 


ALISMACEZ. 
Alisma Plantago-aquatica L. 1, 2, 4, 5. 
var. graminifolium Wahl. 1. 
A. ranunculoides L. 1, 2, 3. 
Sagittaria sagittifola L. 1, 2, 3, 5. 
var. Bollei 1. 
Butomus umbellatus L. 1, 2, 5. 


NAIADACEZ*. 
Triglochin palustre L. 1, 4. 
T. maritimum L. 1. See former list. 
Potamogeton natans L. 1, 3, 4, 5, 6. 
x lucens (= fluitans Roth.) 1. Near Chatteris. 
x coriaceus (= x crassifolius Fryer) 1. Near Chatteris. 
P. polygonifolius Pourr. 1, 4. Burwell Fen (Relhan), Bottisham 


* The genus Potamogeton has been revised for us by Mr A. Fryer. 
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Fen (Dalton), Gamlingay. Specimens from all these places 
allowed by A. Bennett. 
P. coloratus Hornem. 1, 3. 
x coriaceus (= X Billupsti Fryer) 1. Benwick and Burwell. 
P. heterophyllus Schreb. 1, 4. (Extinct at Gamlingay ?”) 
x Zizi (= x varians Morong) 1. Near Chatteris. 
x pusillus (= lanceolatus Sm.) 1. (Burwell Fen. A. Bennett.) 
x perfoliutus (= x nitens Weber) 1. Near Chatteris. 


P. graminifolius (Fr.) 1. Near Chatteris. 
P. Zizii Koch (=angustifolius Bercht. & Presl.) 1. 
P. lucens L. 1. 
x perfoliatus (=decipiens Nolte) 1, 3. 
x heterophyllus? (=coriaceus Fryer) 1. 
P. prelongus Wulf. 1. 
P. perfoliatus L. 1, 2. 
x coriaceus (= involutus Fryer) 1. Black Bush Drove, 
Whittlesey. 
P. crispus L. 1, 2, 3, 4, 5, 6. 
x perfoliatus (= Coopert Fryer) 1. Benwick. 
P. densus L. 1. 
P. zosterifolius Schum. 1, 2. Cambridge, Baitsbite, Ely (Babing- 
ton), Roswell Pits, Bottisham Fen. 
P. Frieswi Rupr. 1, 2, 3. 
P. pusillus, L. 1, 3, 4. 
P. trichoides Cham. 1. Mepal (Fryer). 
P. pectinatus L. 1. 
P. flabellatus Bab. 1. 


(b) scoparius Fryer 1. 
Ruppia rostellata Koch 1. Babington refers a record of Skrim- 
shire’s from below Wisbech to this species, with some doubt. 
Zannichellia palustris L. 1. 
(c) repens Boenn. 1, 2 
Zostera marina L. 
(c) angustifolia Hornem. 1. Below Wisbech. 


CYPERACES. 


Eleocharis acicularis Roem. & Schult. 1, 2. 

E. palustris Roem. & Schult. 1, 2. 

E. multicaulis Sm. 1, 4. 

Scirpus pauciflorus Light, 1, 3, 4. 

. cespitosus L. 1. 

fluitans L. 1, 4. 

. setaceus L. 1, 4. 

. lacustris L. 1, 2, 3, 5. 

. Tabernemontani Gmel. 1, 5. 

. maritimus L. 1. Occurs as far inland as Sutton and Upware. 
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S. compressus Pers. 1, 3. Not seen since about 1880. 

Eriophorum angustifoium Roth. 1, 3, 4. 

E. latifolium Hoppe 1, 3. Needs confirmation. 

Rynchospora alba Vahl. 4. See former list. 

Schenus nigricans, L. 1, 3, 4. Not now at Gamlingay ? 

Cladium Mariscus Br. 1, 3. 

Carex dioica L. 3, 4 (extinct). 

. pulicaris L. 1, 3. 

. disticha Huds. 1, 2, 3. 

. arenaria L. 6? 

. diandra Schrank 1, 3. Not found recently. 

. paradoxa Willd. 1. Discovered in Wicken Fen by Mr A. 

Fryer. 

. paniculata, L. 1, 3, 

. vulpina, L. 1, 2, 4, 

var. nemorosa, 5. 

 murtcate Bo 1; 2, 3. a 576: 

. divulsa Stokes, 1, 2, 3, 4, 5, 

. echinata Murr. 1, 3, 4, 5 

and Chippenham Fen. 

. remota L. 2, 3, 5. 

x vulpina (= axillaris, Good). Hall Wood; Wood Ditton 
(Relh.). The wood has disappeared, and the record 
is therefore doubtful. 

. curta Good 4. Not found since 1860. 

. leporina L. 1, 3, 4, 5. 

. elata All. 1, 3. Nearly always extremely plentiful where it 
occurs, 

(b) turfosa (Fr.) 1. Welch’s Dam (Fryer). 

. gracilis Curt. 1, 2. 

var. proliza (Fr.) 1, 2. The type is decidedly local, the 
variety very rare. 

. Goodenowii Gay. 1, 3, 4, 5. 

. flacca Schreb. 1, 2, 3, 5. 

. pilulifera, L. 3, 4, 5. 

ericetorum Poll. 3. Gogmagog Hills and Devil’s Dyke. 

caryophyllea Latourr. 1, 3, 4, 5, 6. 

. pallescens L. 1, 3, 5. On chalk at Swaffham Prior (Evans), 
Sutton Dole Fen, Chippenham Fen (Fryer) and locally on 
the boulder clay. 

. panicea, L. 1, 2, 3, 4, 5. 

. pendula Huds. 3, 5. Probably extinct in 3. 

. strigosa, Huds. Hall Wood, Wood Ditton (Relh.) is our only 

record. The wood no longer exists. 

. sylvatica Huds. 1, 2, 3, 5. 

. binervis Sm. 1, 3, 4. Reported also from Croydon (Bab.). 
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C. distans L. 1, 2?, 3, 4, 5? The typical plant certainly grows 
near Waterbeach and Foul Anchor (Evans) and at Chippen- 
ham Fen (Bennett). 

C. fulua Host 1, 22, 3, 5. 

ee jova, L, 1,12:-3, 4 

(6) lepidocarpa 1. 

deri, Retz 1, 3, 4. 

(d) «docarpa, And. 1. 

. lasiocarpa Ehrh, 1, 4. (Extinct in 4.) 

merce io, 1, 2. 3, 4, 5, 6. 

. Pseudo-Cyperus, L. 1, 2, 3,5. For 3 we have no recent records. 

The plant is rare. 

. acutiformis, Khrh. 1, 3, 4, 5, 6. 

(b) Kochiana (DC). A form probably referable here has 
been found at Fen Ditton (1). 

riparia Curt. 1, 2, 3, 4, 5. 

. inflata Huds. 1, 3, 4 

. vesicaria L. 1. Observed of late years at Burwell Fen (Bennett), 

Snailwell Fen (Moss), Sutton and Fen Ditton (Evans), Welch’s 
Dam and Whittlesey (Fryer). 
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GRAMINACE. 


[Setaria viridis Beauv. 6. Still occurs at Chippenham Gravel 
Pits, and has been found at Fordham (Evans). | 
[S. glauca 1. Welch’s Dam and Sutton (Fryer).] 
[Phalaris canariensis a 
P. arundinacea L. 1, 2, 3, 4, 5, 6 
Anthoxanthum odoratum L. 1, 2, 3, 4, 5, 6. 
Alopecurus myosurovdes, Huds. 1, 
A. equalis Sobol. 1, 2, 32, 5? 
A. geniculatus L. 1, 2, 5. 
A. pratensis L. 1, 2, 3, 4, 5. 
Milium effusum L. 2, 5. 
Phleum pratense L. Common. 
(b) nodosum (L.) Chippenham (6), and possibly else- 
where. 
P. phleoides Simonkai 3, 6. Still occurs pretty plentifully at 
the Furze Hills, Hildersham. 
P. arenarium L. 3, 6. Newmarket Heath (Rev. J. Hemsted, 
Eng. Bot. tab. 2) Coa (Evans). 
Agrostis canina L. 1, 
A. alba L. Common. 
(6) stolonifera (L.). 
A. tenuis Sibth. 1, 2, 3, 4, 5, 6. 
Calamagrostis epigeios Roth. 1, 2, 3, 4, 5. 
C. canescens Druce 1, 2, 3, 5. Wicken Fen, Chippenham Fen, 
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Wimblington Firelots, Doddington Wood, Coveney, Witcham, 
and Gamlingay Wood, are the localities where this species 
has been recently noticed. It is as common at Wicken as 
the last species, but has been constantly confounded with it. 

Apera Spica-venti Beauv. 4, 5. Not found recently. 

A. interrupta Beauv. 3, 6. The record for 3 is that of Mr J. 
Stratton in 1855 from Pampisford (Babington, Flora of Cam- 
bridgeshire). 

Aira caryophyllea L 1, 3, 4, 6. 

A. precoz L. 1, 3, 4, 6. 

Deschampsia cespitosa, Beauv. 1, 2, 3, 5, 6. 

D. flexuosa, Trin. 4. 

Holcus mollis L. 1, 2, 4, 5. Chatteris, Doddington, Gamlingay 
greensand and Wood Ditton. 

H. lanatus L. Common. 

Trisetum flavescens, Beauv. 1, 2, 3, 4, 5, 6. 

Avena pubescens Huds. 1, 3, 5, 6. 

A. pratensis L. 1, 2, 3, 5?, 6. 

[A. fatua L. 1, 2, 3.] 

Arrhenatherum elatius Mert. & Koch. Common. 

(b) bulbosum Presl. 

Sieglingia decumbens Bernh. 1, 2?, 3, 4, 52,6. A record by New- 
bould from Toft may refer to (2) or (5). The plant is rare ; 
in the county. . 

Phragmites communis Trin. 1, 2, 3, 4, 5, 6. 4 

Cynosurus cristatus L. Common. 

Koeleria gracilis Pers. 

(c) britannica Domin. 1, 3, 5, 6. 

Molinia cerulea Meench. 1, 2?, 3, 4, 5? A record by Newbould 

from Toft may refer either to (2) or (5). 
(b) major Roth. 1, 4. 
(c) depauperata 1, 4. 

Catabrosa aquatica Beauv. 1, 2, 3. 

Melica uniflora Retz 5. 

Dactylis glomerata L. Common. 

Briza media L. 1, 2?, 3, 5, 6. 

Poa annua L. Common. 

P. nemoralis L. 1, 3, 4, 5. 

P. compressa L. 1, 22, 3, 4, 5, 6. 

(b) subcompressa (Parn.). Probably all the records refer 
to this form. Many certainly do so. 

P. pratensis L. 1, 2, 3, 4, 5, 6. 

(b) subcerulea (Sm.) 3. 

P. trivialis L. Common. 

Glyceria fluitans Br. Common. 

x plicata (= pedicillata Towns.) 3, 5. 
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G. plicata Fr. Not uncommon, further details of localities are 
needed, 

G. aquatica Wahlb. 1, 2, 3, 4, 5. 

G. maritima. Mert. & Koch 1. 

G. distans Wahlb. 1. 

Festuca rigida, Kunth. 1, 2, 3, 5, 6. 

Myuros L. 1, 3, 4 

bromoides L. 2, 3, 4, 6. 

oprnaa L. 1, 2.3, 4, 5, 6: 

(d) duriuscula Hackel 1, 3, 4. 
rubra L. 1, 22, 3, 4, 5. 
pratensis Huds. 1, 2%, 3, 5, 6. 

x Lolium perenne (=loliacea Curt.) 1, 2?, 3. 
pranor LL: 1, 2, 3, 5, 6. 
romus giganteus, L. 1, 2, 3, 5, 6. 
ramosus Huds. 1, 2, 3, 5, 6. 
erectus Huds. 2?, 3, 6. 

(b) willosus Bab. 
sterilis L. Common. 
secalinus L. 1, 2?, 3, 6. 

(b) velutinus (Schrad.) 1, 2? 
racemosus L. 1, 3, 4, 5. 
commutatus Schrad. 1, 2, 3, 4, 5. 
hordeaceus L. (=mollis L.). Common. 

[B. arvensis L. 1, 5.] 

Brachypodium sylvaticum Roem. & Schult. 1, 2, 3, 5, 6. 

B. pinnatum Beauv. 1, 2?, 3, 5. Nearly always on the Chalk 
or Boulder Clay. 

Lolium perenne L. Common. 

[((c) multiflorum Lam.] 

[L. temulentum L. 1, 22, 3, 5.] 

Agropyrum caninum Beauv. 1, 2, 3, 5, 6. Local. 

A. repens Beauv. Common. 

A. pungens Roem. & Schult. 1. 

Lepturus filiformes Trin. 1. 

Nardus stricta L. 3, 4. Relhan recorded the plant from Hilder- 
sham, and it still occurs at Gamlingay. 

Hordeum nodosum L. Common. 

H. murinum L. Fairly common. 

H. marinum Huds. 1. 
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II GYMNOSPERMZ. 
Conifere. 


ARAUCARIACES. 
Juniperus communis L. 3. Fleam Dyke. 


TAXACEZ. 
[Pinus sylvestris L.] 
Taxus baccata L. Perhaps native in Worts’ Causeway Wood on 
the Gogmagog Hills. It has been dug up in the Fens. 


III. PTERIDOPHYTA. 
Filicinee. 
OPHIOGLOSSACES. 


Ophioglossum vulgatum L. 1, 2, 3, 4, 5. 
Botrychium Lunaria Sw. 3, 6. 


OsMUNDACE. 
Osmunda regalis L. Gamlingay Park (Ray). Certainly extinct. 


POLYPODIACES. 


[Adiantum Capillus-Veneris L. 5. Brickwork of platform at Old 
North Road Station. ] 

Pteris aqulina L. 1, 3, 4, 5, 6. Native in 4, 5, 6. 

Asplenium Adiantum-ngrum L. 1, 2, 3, 5. 

A. Trichomanes L. 1, 2; 3, 5. 

A. Ruta-muraria L. 1, 2, 3, 5. 

Athyrium Filiz-femina Roth. 2, 4. Not found since 1860. 

Phyllitis Scolopendrium Newm. 1, 2, 3, 4,5. Probably not native. 

Polystichum aculeatum Roth. 4 (Gamlingay, T. Martyn). 

Lastrea Thelyptertis Bory 1. Still plentiful in Wicken Fen. 

L. montana T. Moore 4. Gamlingay (Dent). 

L. Filia-mas Presl. 1, 2, 3, 4, 5. Decidedly scarce. 

L. spinulosa Presl. 3. Fulbourn (Wanton). 

L. aristata Rendle & Britten 4, 5. 

Polypodium vulgare L. 1, 2, 3, 5. Very rare. 


Equisetinee. 


EQUISETACE. 


Equisetum maximum L. 3. Also recorded from Ely (Henslow), 
E. arvense L. Common. 


aa oe eS 


with a History of its chief Botanists. 249 


E. sylvaticum L.1, 5. No records since the time of Relhan and 
T. Martyn. 
E. palustre L. 1, 2, 3, 4, 5, 6. 
E. limosum L. 1, 22, 3, 4, 5, 62 
(b) flunatile (L.) 1, 2, 5. 
E. hyemale L, 1, 4. No records except for Stretham Ferry and 
Gamlingay, by Relhan. 


Lycopodinee. 


LYCOPODIACE. 


Lycopodium inundatum L. 4 (Gamlingay, extinct). 
L. clavatum L. 4. Not found since 1860. 
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CHARACEA*. 


Chara fragilis, Desv. 1. Mepal, Sutton, Chatteris and Whittlesey 
(Fryer), Wicken and Burwell (Bennett), Chippenham Fen 
and West Fen, Ely (W. Cross), Haddenham and Roswell Pits 
(Bullock- Webster). 

var. Hedwigii (Ag.), Roswell Pits and Wicken Fen (Bullock- 
Webster), Sutton (Fryer). 

var. capillacea (Thuill.), Haddenham (Bullock- Webster), 
Welch’s Dam (Fryer). 

subsp. delicatula Braun, Wicken Fen (E. F. Linton), 
Downham Pymore (Bullock- Webster). 

C. aspera Willd. 1. Burwell Lode and Wicken Fen (Bullock- 
Webster), Vermuyden’s Drain, Welch’s Dam, Chatteris (Fryer). 

subsp. desmacantha H. & J. Groves. Burwell Fen 
(Bennett), Quy Fen (Bullock-Webster). 

C. polyacantha Braun 1. Horseway, near Chatteris (Fryer), 
Wicken and Snailwell (Bennett), Chippenham Fen (Cross), 
Quy Fen (Hill), Stretham, Bottisham and Burwell Fens 
(Ballock-Webster). 

C. contrarva. Wicken Fen (H. & J. Groves). 

C. hispida L. 1, 22, 3,5. Hinton Moor (Relhan), near Fulbourn, 
Teversham, Shelford, Cambridge, Kingston Wood, Water- 
beach, Witcham, Witchford, Bottisham, Wicken and Dod- 
dington Fens (Babington’s Flora of Cambridgeshire), Burwell 
Fen (Bennett), Chippenham Fen (Babington), Sawston 
(C. B. Clarke), Roswell Pits and Haddenham (Bullock- 
Webster), March, Sutton, Welch’s Dam, Mepal and Chatteris 
(Fryer), Burnt Fen (W. M. Hind). 

C. vulgaris L. 1, 22, 3, 4, 5. Cambridge, Brinkley, Sawston Moor, 
Gamlingay, Hardwick, Toft, Haslingfield, Coton, Swaffham 
Bulbeck, Witcham, Wicken, Bottisham and Snailwell Fens 
(Babington, op. cit.), Burwell (Bennett), Isleham, Sutton, 
Mepal, Manea, Welch’s Dam, Chatteris and Langwood Fen 
(Fryer), Roswell Pits, Thetford near Ely, Prickwillow and 
Chesterton (Bullock-Webster), Waterbeach (Hiern), Nine 
Wells and Chippenham Fen (Cross). 

var. longibracteata Kuetz. Fulbourn (H. & J. Groves), Fen 
Ditton (C. B. Clarke), Ely and Prick willow (Bullock- 
Webster), Upware (Bennett). 

var. crassicaulis Kuetz. Burwell Fen (H. & J. Groves). 

var. papillata Wallr. Upware (Bennett), Haddenham and 
Roswell Pits (Bullock- Webster), Soham and Burwell 
Fen (H. & J. Groves). 


* This group has been brought up to date for us by Messrs H. and J. Groves. 
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Tolypella glomerata Leonh. 1, 3. Welch’s Dam, Manea, Mepal 
and Chatteris Turf Fen (Fryer), Wicken Fen (Bennett), 
Bottisham Fen and Ely (H. & J. Groves), Sawston (C. B. 
Clarke), Fulbourn, Nine Wells near Shelford (Bennett). 

T. prolifera Leonh. 1. Old West River near Stretham Ferry 
(Bullock-Webster), Vermuden’s Drain near Chatteris, Mepal 
and Sutton Fen (Fryer). First County Record by A. Fryer, 
1882. 

T. intricata Leonh. 1. Harston (Bennett), Washes from Sutton 
to Witcham (Fryer). 

Nitella tenuissima Kuetz. 1. Swaffham (ex herb. J. Spode) 
?county, Bottisham and Burwell Fens (Babington, op. cvt.), 
Wicken Lode (Bennett, plentiful). 

NV. mucronata Miguel 2. Roswell Pits (Bullock-Webster). First 
County Record. 

NV. flexilis Agardh. 1,2? Lord’s Bridge near Barton, Reach Lode, 
Bottisham Fen (Babington, op. cit.), Welney (Fryer). 

var. nidifica Wallr. With some doubt we refer to this 
variety a curious moncecious plant occurring about 
Sutton and Mepal, resembling V. opaca in stature 
and habit, in the size and colour of the antheridia 
and in the usually somewhat mucronate ultimate 
rays. 

NV. opaca Agardh. 1,4. Wicken (Bennett), Gamlingay (Babington), 

NV. capitata Agardh. 1. Sutton Gault, in the Washes, and thence 
in the Old Bedford River to Mepal. First British Record by 
A. Fryer, 1885. 
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IV. BRYOPHYTA. 
By THE Rev. P. G. M. Raopzs, M.A., Pembroke College. 


The Bryophyta of Cambridgeshire were investigated as ex- 
haustively as the knowledge of the times permitted at the end 
of the eighteenth century, by the Rev. R. Relhan, Chaplain of 
King’s College, and others. We are fortunate in possessing this 
account of the Cambs. moss-flora, dating as it does from a time 
prior to the drainage of the more important fens, and we are 
enabled to reconstruct an ancient flora which has now almost 
entirely vanished. As far as Relhan’s work can be tested at 
present, it appears remarkably reliable and, except for a few cases, 
chiefly where the synonymy is doubtful, his records are included 
in the following list. It does not seem certain that in his records 
from “ Newmarket” and “Newmarket Heath” that he confined 
himself to those portions of the Heath strictly in Cambridgeshire, 
but it is probable that he included the small patch of Suffolk 
west of Newmarket, as Cambridge botanists generally have done. 

Various editions of Relhan’s work were brought out, durmg 
the latter part of the eighteenth and the beginning of the nine- 
teenth century; but the account of the Cambs. mosses was but 
little altered in the later editions. The following list is based 
chiefly on Relhan’s second edition (1802). 

Since Relhan’s time little work appears to have been done at 
the Cambs. moss-flora, save sporadically. Professor Henslow, in 
his Catalogue of British Plants (Cambridge, 1829), marked 
those species which occurred in the county of Cambridge, but it 
is apparent that he relied almost entirely on Relhan’s works for 
the bryophyta, and his pamphlet has for us little independent 
value. Later a few isolated records from the county are known, 
as Mr H. N. Dixon’s interesting discovery of Tortula Vahlw at 
Cherry Hinton, but no published list of Cambridgeshire Mosses has 
come into the writer’s hands. A few years ago Mr L. J. Sedgwick 
and the writer started to work those parts of the county more 
easily accessible from Cambridge, and succeeded in rediscovering 
most of Relhan’s species, and adding a certain number of new 
ones. The present list must, however, be regarded as a purely 
tentative one, as much of the county remains unexplored for Mosses, 
and there are some curious gaps in the list of species to be filled up. 
Many of the older records and some of the modern ones were not 
sufficiently closely localized to admit of their classification under 
the somewhat minute geological subdivisions of the county now 
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adopted, so that in this respect especially the following list will 
be found very incomplete. 

Taking a general view of the county, it must be said that the 
moss-flora is poor. The absence of hard rocks in the county, the 
dryness of the soil and the close cultivation of the land all militate 
against the existence of mosses. The moss-flora of the fens, 
before their drainage, though interesting, does not appear to have 
been very extensive, while even this has now almost totally 
perished. The patches of fen now remaining, as at Quy and 
Chippenham, produce little except patches of Hypnum cuspidatum, 
H. stellatum, and forms of H. aduncum here and there: Sphagna 
appear to be almost extinct. At Wicken Fen the rank growth of 
vegetation is unsuitable to the bryophyta, though a careful search 
among the stems of the Cladiwm will shew stunted specimens of 
Mnium affine elatum, Fissidens, Pellia, Lophocolea; and probably 
other forms could be added. At Fulbourn there are other rem- 
nants of a fen moss-flora, e.g. Hypnum elodes; but nowhere in the 
county is there to be found a rich paludal flora, such as that at 
Tuddenham, just over the Suffolk border. 

Much more interesting is the chalk-flora. On the bare face 
of every “clunch-pit” Seligeria occurs abundantly; on chalky 
earth in the pits, and on arable land in the chalk districts, most 
of the gypsophilous Tortulacee occur: and on the ancient chalk- 
turf still surviving on the great dykes may be found abundance 
of such mosses as Thuidium abietinum, Hypnum chrysophyllum, 
Fissidens collinus, etc. Botanists visiting the county will find the 
Cherry Hinton chalk-pits the most easily reached, and also probably 
the richest: for the old chalk-turf flora they may be especially 
recommended to visit the eastern half of the Devil’s Dyke. 

The woods of the county present few species of interest: the 
greater part are of recent origin, except perhaps those on the 
boulder clay, which have not been well worked, but do not appear 
to be rich. Further investigation of our arboreal species is much 
required. 

The considerable patches of sand round Gamlingay and Chip- 
penham are unique in their richness, and produce a flora quite dis- 
tinct from that of the rest of the county. The bogs at Gamlingay, 
which afforded many plants of interest in Relhan’s time, are now 
drained. 

The following is a list of all mosses known to occur in the 
county on reliable authority; the records are as far as possible 
assigned to the correct formation, and the name of the authority 
for that division is appended (Rel = Relhan, S=L. J. Sedgwick, 
Rs = P.G. M. Rhodes). Old records are italicised. Where the 
division is not stated, it implies that the record was insufficiently 
localized. 

New county records have been kindly verified by Mr Ingham. 
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Muscinee. 


Sphagnum. Sphagnum appears to have existed till lately at Burwell 
and Wicken, and still occurs at Chippenham, but even there it is now 
nearly extinct. Relhan records two varieties : Sphagnum latifolvwm 
at Teversham (1) and Gamlingay (4), Sphagnum cuspidatum at 


Ganlingay (A). 


Tetraphis pellucida Hedw. 
Catharinea undulata W. & M. 
Polytrichum nanum Neck 

P. piliferum Schreb. 

P. juniperinum Willd. 


P. attenuatum Menz (= formosum 


Hedw. ) 
P. commune L. 
Archidium alternifolium Schp. 


Pleuridium subulatum Rabenh. 


Seligeria calcarea B. & S. 
Ceratodon purpureus B. & 8S. 
Dicranella heteromalla Schp. 
D. varia Schp. 

Dicranum scoparium Hedw. 
Fissidens bryoides Hedw. 

F. adiantoides Hedw. 


B collinus (Mitt.) 


F. taxifolius Hedw. 

Grimmia apocarpa Hedw. 

G. pulvinata Smith 

Rhacomitrium canescens Brid. 

Phascum cuspidatum Schreb. 
y Schreberianum Brid. 

P. Flerkeanum Brid. 


P. curvicolle Ehrh. 
Pottia recta Mitt. 

P. bryoides Mitt. 

P. truncatula Lindb. 
P. minutula Lindb. 
P. lanceolata C. M. 
Tortula pusilla Mitt. 
T. ambigua Angstr. 
T. aloides De Not 
T. Vahliana Wils. 


1 Rel. 

el., 8. 

3 Rel. 

4 Rel. 

3 Rel., 4 Rel., Rs. 
4 Rel. 


3, 4 Rel. 

4 Gamlingay Bog, Rel. 
Rel. 

3 common Rel., Rs. 

?el., 6 Rs., ete. 

3 Rel., Rs. 

3 frequent fe/., Rs. 

3 fel., Rs.; 6 Rs. 

Kel.; Ely, etc., 8. Scarce. 
1 Fel.; Wicken Fen Rs. 


3 fel., extinct through drainage. 
3 Fleam Dyke, etc. Rs., ident. 


Wm Ingham. 
fel., 2, 3, 5 Rs.; common. 
fel., 1 Rs. 
fel., 1, 6 Rs., ete. ; common. 
4 Rel. 
fel., 2, 3 Rs. 
4 Gamlingay, Rel. 


3 Seven Springs, Shelford, H. N. 


Dixon. 
3 Babraham, Rel. 
3 fel. 
Rel. 
Rel.; I think common. 
3S. 
3 common, Rs. 
3 Rs. 


3 Rs. 
3 Rs. 


3 Cherry Hinton. First found 
here by Mr H. N. Dixon. Abun- 
dant in 1911 Rs. In several 
spots near the pit, on calcare- 
ous road-scrapings thrown under 
hedge. It is a form closely 
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. muralis Hedw. 

. subulata Hedw. 

. mutica Lindb. 

. laevipila Schwaeg. 


sell Peohl | 


T. intermedia Perb. 
T. ruralis Ehrh. 
Barbula rubella Mitt. 


B. fallax Mitt. 
B. rigidula Mitt. 


B. convoluta Hedw. 

B. unguiculata Hedw. 

Weissia viridula Hedw. 

W. crispa Mitt. 

Trichostomum flavovirens Bruch. 


Encalypta vulgaris Hedw. 

Zygodon viridissimus R. Br. 

Ulota crispa Brid. 

Orthotrichum anomalum Hedw. 
v. saxatile Milde 


O. Lyellii Hook & Tay). 

O. affine Schrad. 

O, diaphanum Schrad. 
Splachnum ampullaceum L. 


[Ephemerum serratum Hanpe 


Uncertain if in county. 


Physcomitrium pyriforme Brid. 

Funaria hygrometrica Sibth. 

Aulacomnium palustre Schwaeg. = 
Mnium palustre of Rel. 
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approximating to “var. sub- 
flaccida.” 

Rel., 1, 2, 3,4;5, 6 Rs. 
Rel., 2 Rs. 


1 Grantchester Rs. 
1, 2, 3 Rs.; frequent, often ap- 


proaches v. Jlaevipilaeformis 
Limp. 
I Res:, 8. 


rel., 3, 5 Rs., ete. 

Recorded for county in the Census 
Moss Catalogue. 

2, 3 Rs. 

Impington 8. Common at St 
Ives, just in Hunts. 


3 ftel., Rs. 

Kel., 1, 3 Rs. 

Rel. 

3 Rs., ete. 

3 Devil’s Dyke Rs. Ident. Wm 
Ingham. 

38. 


Census Moss Catalogue. 

Wood Ditton Rel, 5 Rel. 

1 Rel., Rs. Still occurs on 
Trumpington and Granchester 
Churches, where it was noticed 
by Rel. a century or more ago. 

5 Rs. 

i Rez8. 

i 3,0 has 

1 Sawston and Teversham Moors 
Rel. 

3 Hinton Moor Rel. 

4 Gamlingay Bogs Rel. Extinct in 
all these places. May survive 
at Wicken. 

3 Newmarket Rel. 


Needs confirmation. | 


1, 3 Rs. 
1 Shelford Moor Rel. 
4 Gamlingay Bog Rel. 


Henslow took this for A. androgynum, and so some confusion has 
been caused. No reliable record for A. androgynum from the county, 


though it might occur at Gamlingay. 
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Bartramia pomiformis Hedw. 
Philonotis fontana Brid. 


[Leptobryum pyriforme Wils. 


4 Rel. 

1, 3, 4 Rel. Extinct in all 
known localities. May occur 
at Wicken. 


Hothouse, Botanical Garden, Rel. 


Needs confirmation as a native plant. | 


Webera carnea Sch. 

W. nutans Hedw. 

Bryum pseudotriquetrum 
Schwaeg. 

B. bimum Schreb. 

B. caespiticium L. 

B. capillare L. 

[B. atropurpureum W. & M. 

B. argenteum L. 

B. roseum Schreb. 


Mnium affine Bland v. elatum 
B. &S8. 

M. cuspidatum Hedw. 

M. rostratum Schrad. 

M. undulatum L. 

M. hornum L. 

[M. punctatum L. 

Fontinalis antipyretica L. 

Cryphaea heteromalla Mohr. 

Neckera complanata Hiibn. 

Homalia trichomanoides B. & S. 

Leucodon sciuroides Schwaeg. 


Porotrichum alopecurum Mitt. 
Leskea polycarpa Ehrh. 
Anomodon viticulosus H. & T. 
Thuidium abietinum B. & 8. 

T. tamariscinum B. & S. 
Climacium dendroides W. & M. 
Camptothecium sericeum Kindb. 
C. lutescens B. & S. 
Brachythecium albicans B. & 8. 
B. rutabulum B. & 8. 

B. velutinum B. & 8. 

B. plumosum B. & 8. 

B. purum Dixon 

Eurhynchium prelongum Hobk. 
E. swartzii Schp. 

E. striatum B. & 8. 

[E. tenellum Milde 


1 Rel., Rs.; 3 Rel. 

4 Rs. Ident. W. Ingham. 

1 Rel. 

1 Rel. 

1 Rel. 

Rel.. 

Rei., 1, 3 Rs., etc. 

1 Ely, 8.] 

Rel., 1, 4 Rs., ete. 

3 Gogs, Rel.; Hildersham Furze 
Hills, 8. 

1 Wicken Fen Rs. 
Ingham. 

Rel. Must be scarce. 

Madingley Rel. 

1, 3, 6 Rs.; 5 Rel., A. H. Evans. 

3, 4 Rel., 5 Rs. 

“ Gogs” Rel. An error 7] 

1 Rel., Rs.; 2 Rel. 

4, 5 Rel. 

Rel., 2, 5 Rs. 

4 Rel. 

Rel., 3 Rs.; 4 on specimen in 
Larbalestier’s Lichen Herb. 

Rel., 3 Rs. 

18., Rs. 

Rel., Boxworth 8., 6 Rs. 

3 Rel., Bs. 

4, 5 Rs. 

4 Rel. and Madingley Rel. 

Rel., 1, 2, 3, 6 Rs. 

2 Rs.; 3 Fel., Rs. 

3, 4, 6 Rs. 

Rel., 1, 2, 3, 4, 5, 6 Rs. 

Rel., 3'8., 4 


Ident. Wm. 


2, 3 Rs. 
Rel.; must be scarce. 
Henslow Catalogue. 


Needs confirmation. | 
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E. myosuroides Schp. Rel., 5 Rs. 

E. rusciforme Milde. 1, etc. Rel. 

E. confertum Milde. 1, 3. S8. Common in woods on 
Gogs. 

Amblystegium serpens B. & 8. Rel., 13., 2,3, 5, 6. Kis. 

A. filicinum De Not. Lo deel NG 2s: 

B Vallisclause Dix. 1 Fulbourn Rs. Ident. Wm Ing- 

ham. 

Hypnum riparium L. Rel. 

H. elodes Spruce 1 Fulbourn 8. Ident. Wm Ing- 
ham. 

H. stellatum Schreb. 1 Rel., Rs.; 2 Rs.; 3 Fel. 

H. chrysophyllum Brid. 3 frequent Rs. 


H. aduncum Hedw. type, small 1 Fulbourn S., 2 Rifle Range Rs. 
form 

[8 gracilescens Schp., in the Moss Exchange Club Catalogue, was 
an error for the preceding. | 
yn paternum Sanio, type of var. 1 Quy Rs. 

form gracilis 1 Durnford Fen S.; 2 Rifle 

Range Rs. 

Plants from all the above stations for forms of H, aduncwm have 

been submitted to Mr Wm Ingham. 


H. fluitans L. 1, 4 Rel. 
H. cupressiforme, L. type. Rel., 2, 3, 4, 5, 6 Rs. 
B resupinatum Schp, 5 Rs. 
é elatum B. & 8. 3 Rs: 
H. molluscum Hedw. 3 Fel., Rs. 
H. scorpioides L. 1 Sawston Moor, Fowlmere, Rel. ; 


3 Hinton Moor Rel. 
Extinct in above localities. May survive at Wicken. 


H. cuspidatum L. Hels, V2) 3 RS: 

H. schreberi Willd. 5 Rel. 

Hylocomium splendens B. & 8. 5 Rel. 

H. squarrosum B. & S. 3 Fel., Rs.; 4, 6 Rs. 

H. triquetrum B. & S. S., 3 Rel., 6 Rs. 
Hepaticae. 


The Hepatics of the county are neither abundant nor interest- 
ing, and have consequently been much neglected by botanists. 
A number of common hepatics were recorded by Relhan, and are 
incorporated in the present list, though a certain amount of doubt 
must attach to records of such ancient date. A few other Hepa- 
ticae are marked in Henslow’s Catalogue as occurring in Cambs., 
but on unknown authority. Two localities for Cambs. Ricciaceae 
are given in the Moss Hxchange Club Report for 1905. Otherwise 
no records are to hand save for a few species noticed incidentally 
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by the writer round Cambridge. It is plain, however, that the 
county is destitute in the extreme with regard to hepatics; even 
the commonest species, as Frullania dilatata, and Metzgeria 
furcata, only occurring at wide intervals and in small quantity. 
The drained fens produce no species, and vegetation at Wicken is 
too rank to produce much, though here a careful search would 
extend the list a little. 
The same abbreviations are used as in the case of mosses. 


Riccia glauca L. 


R. fluitans L. 


Ricciocarpus natans Corda. 


Reboulia hemispherica Raddi. 
Conocephalum conicum Dum. 


Lunularia cruciata Dum. 
Marchantia polymorpha L. 
Spherocarpus Michelii Bell 


Aneura pinguis Dum. 
Metzgeria furcata Lindb. 
Pellia epiphylla Dum. 


Lophozia turbinata Steph. 
Plagiochila asplenioides Dum. 
Lophocolea bidentata Dum. 
L. heterophylla Dum. 
Saccogyna viticulosa Dum. 
Odontoschisma Sphagni Dum. 
Radula complanata Dum. 
Madotheca platyphylla Dum. 
Frullania Tamarisci Dum. 

F. dilatata Dum. 

{ Anthocerus punctatus L. 


1 Cornfield by road to Histon 
Rel., Barnwell gravel-pit Rel. 
Henslow Cat.; 1 Chippenham 
Fen, C. H. Waddell in Moss 
Exchange Club Report, 1905 ; 

Waterbeach, A. Shrubbs. 

1] Sawston and Shelford Moors 
fel.; Chippenham Fen, C. H. 
Waddell, wt supra. 

5 Pond in Hall Wood, Wood 
Ditton, Rel. 

1 Fulbourn and Sawston Moors 
Rel. 

1 Shelford Moor Rel., 3 Thriplow 
Rs. 

1 Sawston Moor Rel. 

1 Cambridge Rel. In the Backs? 

1 Barnwell pri Rel. 

3 Hinton Moor Rel. 

4 Gamlingay Bogs Rel. ete. 

51% Wood Ditton, Madingley Rel. 

4 Rel., 5 Madingley, 6 Rs. 

1 Trumpington, Wicken, Rs.; 4 - 
Rel. 

3 Cherry Hinton Rs. 

Wood Ditton Fel. 

1 Rel., 1,4 Rs. 

3 or 5, 4, 5 Rs. 

5 Rel. 

4 Gamlingay Bog Fel. 

Rel. 

3 Rel., 6 Rs. 

Rel. 

Rel., 2, 5 Rs. 

Henslow Cat. Needs confirma- 
tion. | 


Of the localities mentioned above it may be noted that 
Sawston, Shelford, Hinton and Gamlingay bogs are entirely or 
nearly drained, and not likely now to support all the species given. 
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V. THALLOPHYTA. 
ALG. 
By G. S. West, M.A., D.Sc., F.L.S., St John’s College. 


The alga-flora of the east of England has not been so 
thoroughly investigated as that of the other parts of the country, 
but all that has been done in this direction tends to shew that 
two of the large groups of the algas—the Chlorophycee and 
Myxophycese—are very poorly represented in the freshwaters of 
this part of England. As the members of these large groups give 
some of the most distinctive features to the alga-flora of any 
district, much that would be of interest is lacking from the alga- 
flora of the eastern counties. 

Of all the eastern counties which have been partially examined 
for freshwater alge, Cambridgeshire has yielded the poorest 
results. “The Alga-flora of Cambridgeshire,” which appeared in 
six instalments in the Journal of Botany from Feb. to July, 1899, 
incorporated the results of four years’ collection and examination 
of material from various parts of the county. It was doubted in 
this paper “ whether any other county in England, of equal area, 
possesses so poor an alga-flora,” and since that time scarcely any 
other records have been added. 

The geological formations of the county, factors which play 
such an important part in determining the alga-flora of a district, 
are particularly unsuitable for the existence of an extensive and 
varied collection of alg, although it is highly probable that 
many good things existed on Gamlingay Heath (situated on the 
Lower Greensand) prior to the time it was drained. The topo- 
graphy of the county is not sufficiently diversified, and, owing to 
the general low level, none of the peculiar upland collections can 
be made, few Myxophycez being found, and, comparatively, still 
fewer Desmids. The scarcity of the latter is remarkable, only 
ten out of twenty-four British genera being represented, and 
these but scantily. 

The two most fruitful localities for Desmids are undoubtedly 
the fens at Wicken and Chippenham, each being a small remnant 
of almost primeval fen; but even these are far from prolific. 
The small pools on the latter, containing Chara hispida and a 
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reduced form of Utricularia vulgaris, yielded some rather striking 
species, as also did the pools and peaty ditches on Wicken Fen 
containing Utricularia vulgaris and Castalia alba, The strange ap- 
pearance of Cosmarium anceps, C. Pokornyanum, and C. Holmiense 
at Chippenham is worthy of mention, these species being as a rule 
entirely confined to upland or subalpine districts, being a marked 
feature of the dripping carboniferous grits and shales of the 
Pennine Chain and of similar situations among the older rocks 
of the Lake District, North Wales, ete. They are notably absent 
from the south-eastern counties of England, and to them may be 
added C. speciosum, which may be placed in the same category, 
although it is found in Epping Forest, Essex. Roswell Pits, Ely, 
was found to be a locality productive beyond the average, and 
not a few uncommon species were obtained from Dernford Fen, 
about one mile south of Shelford. The chalk districts of the 
south-east of the county yield practically no alge, and the 
numerous ditches and drains of the northern and central parts— 
many of the larger of which have been in existence since the 
seventeenth century—exhibit a monotony which could only be 
found in a low-lying level country. The entire absence of sub- 
merged Sphagnum and Sphagnum bogs causes a corresponding 
absence of many forms of alge, and especially certain Desmids, 
which are more or less exclusively found in such localities. Some 
of these, such as Cylindrocystis Brebissonit, Closterium striolatum, 
Tetmemorus granulatus, Micrasterias truncata, Euastrum binale, 
Staurastrum margaritaceum, etc., are really common and widely 
distributed species throughout the British Isles, and their absence 
from Cambridgeshire is therefore all the more noteworthy. 

On the whole the Diatoms may be considered as moderately 
representative, although most of the upland forms are naturally 
lacking, and there is a marked absence of species belonging to the 
genera Hunotia and Melosira. A few of the upland species occur 
at Wicken and Chippenham Fens, such as Achnanthidium flexel- 
lum, Epithenia Argus var. alpestris, and Eunotia biceps. These 
are analogous in their distribution to those Desmids (Cosmarium 
anceps, C. Pokornyanum, and C. Holmiense) previously mentioned, 
and the presence of these species in the marshes of a flat country 
only about ten feet (or less) above the sea-level is very curious, 
as their natural home is amongst the mosses and alge of the 
rocky ghylls and glens of the mountainous portions of the British 
Isles and other parts of Europe. A parallel to this is found in 
the occurrence of Cetraria islandica (Iceland Moss) on some of 
the Lincolnshire heaths. 

The smaller ditches and ponds of the county yield a fair 
assortment of Zygnemaceze and CEdogoniacee, but the boggy 
ditches and peaty pools of the fens are mostly disappointing. 
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They contain for the most part a mixture of the commoner pond 
species with a very few bog species. Some of the small boggy pools 
in Chippenham Fen were a little more productive, especially 
those containing small quantities of a Utricularia which appeared 
to be an unusual form of U. minor. 

The only characteristic algal associations were those in the 
large lodes and drains. In these situations, among tangled and 
floating masses of Potamogetons and other aquatic macrophytes, 
certain alg occur in more or less profusion, chiefly in the 
summer and early autumn. These are mostly unicellular Chloro- 
phycee and Diatoms. The most abundant and important species 
were Cosmarium biretum, C. Turpinii, C. Botrytis, C. impressulum, 
C. humile, C. subprotumidum var. Gregorti, Closterium monilife- 
rum, Celastrum sphericum, C. pulchrum, Pediastrum Boryanum, 
Scenedesmus obliquus, Cocconeis Placentula, C. Pediculus, and 
Cymatopleura Solea. 

There is a great scarcity of the subaerial species from the 
alga-flora of Cambridgeshire, and especially of the algal associa- 
tions so characteristic of wet and dripping rocks, the combined 
algze and bryophytes of which so often give a character not only 
to the flora but to the scenery. 

Notwithstanding the poorness of the general alga-flora, there 
are some very good things found in Cambridgeshire in the way of 
alge. The Cidogoniacee are fairly well represented, and no doubt 
there are two or three times as many species yet remaining to 
be identified when they can be obtained in the proper fruiting 
condition. 

In the Ulotrichacez special mention should be made of Radio- 
filum flavescens, which is the only known species of the genus in 
the British Islands, and as yet has not been found outside 
Cambridgeshire. Gongrosira stagnalis is an interesting member 
of the Trentepohliacee which occurred at Sutton on the shells of 
Limnea peregra. Of the Zygnemaceze Mougeotia paludosa, M. 
elegantula, and Spirogyra pellucida are the pick, and of the 
Desmidiaceze Mesotenium Kramstai, Closterium laterale, C. pera- 
cerosum, Cosmarium costatum,C. basilicum, and Staurastrum paaillt- 
jferum are worthy of special mention. Nephrocytium obesum and 
Characiopsis turgida are also noteworthy species. Among the blue- 
green alge Oscillatoria proboscidea, O. acuminata, O. decolorata, 
and Glaochcete Wittrockiana are the choice species, while among 
the Diatoms a curious variety of Synedra Acus and a much 
crinkled species of Hunotia require further investigation. 

The total number of alge known to occur in Cambridgeshire 
is about 400 species and 45 varieties. 

The localities where mentioned are arranged under the eight 
areas into which the county is divided by Babington in his Flora 
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of Cambridgeshire*. These areas are certainly convenient, but 
hardly natural, and have little or no significance with regard to 
the distribution of the alge; they are as follows: 1. Cambridge ; 
2. Royston; 3. Wimpole; 4. Cottenham; 5. Burwell; 6. Ely; 
7. Chatteris; 8. Wisbech. The first two are the least productive, 
the Cambridge area being a particularly barren one. 

The county is by no means well investigated; those CEdogonia- 
cee and Zygnemacez which have not been obtained in proper 
fruiting condition (and there are many of them) are not recorded, 
and there are whole districts, such as Wisbech and Whittlesey, 
from which no collections have been made. 


Class FLORIDEA. 


Order NEMALIONACES. 


BATRACHOSPERMUM MONILIFORME (Roth) Ag. 3, Cherryhinton (in 
ditch), and Seven Springs, Shelford (Dizon). 5. Brook at Fulbourn 
(near the Fleam Dyke) (Dixon). 

CHANTRANSIA CHALYBEA (Lyngb.) Fries. 3. Sheep’s Green, Cam- 
bridge: June, 1898; growing on Amblystegium ripariwm at the mill- 
race. 


Class CHLOROPHYCES. 


Order CEDOGONIALES. 


BULBOCHATE SEssILIs Wittr. Forms with large oogonia. 5. Wicken 
Fen: Aug. 1898. 

B. crasstuscuLa Nordst. [Inclus. B. ellipsospora G. 8. West, “ Alga- 
fi. Cambs.” 1899, p. 55, t. 394, f. 1, 2.] 6. Roswell Pits, Ely; among 
Utricularia vulgaris, July, 1898. 

B. sUBSIMPLEX Wittr. 7. Ponds near March. 

B. RECTANGULARIS Wittr. 5. Wicken Fen; Chippenham Fen. 

CEpoGoNIuM cuRVUM Pringsh. 3. Wimpole Park. 

CE. FRAGILE Wittr. 7. Ponds S. of March. 

GE. pyruLUM Wittr. var. oBpEsuM Wittr. 2. Dernford Fen, 1 mile 
S. of Shelford. 

CE. vERNALE (Hass.) Wittr. 2. Dernford Fen, 1 mileS. of Shelford. 

dE. Vaucuert (Le Cl.) A. Br. 3. Wimpole Park. 

(E. optoneum Wittr. Sheep’s Green, Cambridge. 

C. Rorsi (Le Cl.) Pringsh. 2. Dernford Fen, 1 mile S. of 
Shelford. 

CE. unpuLATUM (Bréb.) A. Br. var. Morsrusu Schmidle. 5. Chippen- 
ham Fen. 

CE. crassiuscuLum Wittr. var. IDIOANDROsPORUM Nordst. & Wittr. 
[= @. crassipellitum G. 8. West, ‘ Alga-fl. Cambs.” 1899, p. 55, t. 394, 
f. 3—5.| 8. Twenty-foot River, between March and Guyhirn; July, 
1898. 


* As in Dr West's original paper, cited on p. 259. 
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C8. Boscrr (Le Cl.) Bréb. 3. Sheep’s Green, Cambridge. 
CE. Lanpsporoueutt (Hass.) Kiitz. 2. Dernford Fen, 1 mile 8S. of 
Shelford. 
Order CH®TOPHORALES. 


Co.eocua#te scutata Bréb. Generally epiphytic on aquatic 
phanerogamous plants, and probably abundant, though easily over- 
looked. 3. Hardwick; Wimpole Park. 6. Roswell Pits, Ely. 7. In 
ponds near March. 8. In ponds, Guyhirn, attached to Vaucheria 
dichotoma. 

C. rrrecuLtaris Pringsh. Rare. 5. Pools, Chippenham Fen, 
attached to the submerged stems of Phragmites communis. 8. In 
ponds, Guyhirn, attached to Myriophyllum. 

HERPOSTEIRON CONFERVICOLA Nag. [= Aphanochete repens A. Br.] 
2. Dernford Fen. 3. Sheep’s Green, Cambridge; Lord’s Bridge ; 
Wimpole Park. 5. Fordham, 6, Roswell Pits, Ely; and ponds 
near Ely. 

Very fine specimens were observed on Hlodea canadensis, thickly 
covering both faces of the leaves, the procumbent branches of the alga 
in some cases closely following the contours of the cells of the Elodea, 
and for this reason exhibiting a marked reticular character. In some 
of the examples hypnospores were present. 

H. pinosissima (Schmidle) G.S8. West. [= Alphanochete pilosissima 
Schmidle.] 3. Wimpole Park, attached to Hdogonium sp. 

ULorurix sustiLis Kiitz. 5. Chippenham Fen. 

Var. VARIABILIS (Kiitz.) Kirchn. 1. Cambridge. 3. Coton; Wim- 
pole Park. 

U. TENuIS Kiitz. 3. Wimpole Park. 

U. monitirormis Kiitz. 5. Chippenham Fen. 

RADIOFILUM FLAVESCENS G. 8. West. 5. Wicken Fen; Aug. 1898. 
Length of cells 5-5—8-5 »; breadth of cells 7°5—10°5 p. 

This plant is the only recorded British species of the genus, and has 
not been seen since its original discovery in 1898. It is distinguished 
from the only other species of the genus—A. conjunctivum Schmidle—by 
its more elongated and flexuose filaments, its larger elliptical cells which 
are not apiculate, and by the colour of the older plants. 

SricHococcus BACILLARIS Nag. 1 and 3. On old wood and damp 
ground, not uncommon about Cambridge ; Orwell, on damp stones and 
wood. 

CYLINDROCAPSA GEMINELLA Wolle, var. MINOR Hansg. Very scarce. 
3. Sheep’s Green, Cambridge. 6. Roswell Pits, Ely. Crass. cell. 
veget. 15 uw. Distrib.—Bohemia and United States. 

CHATOPHORA PISIFORMIS (Roth) Ag. 1. In ditch, Trumpington. 
3. Sheep’s Green, Cambridge; Hardwick. 7. Near March. 

C. rncrassaTa (Huds.) Hazen. [=C. Cornu Dame (Roth) Ag.; 
C. endivefolia auct.| 3. Sheep’s Green, Cambridge ; Hardwick. 

C. ELEGANS (Roth) Ag. 6. Near Ely. 

DRAPARNAUDIA PLUMOSA (Vauch.) Ag. 6. Roswell Pits, Ely. 

MyYXoONEMA TENUE (Ag.) Rabenh. [= Stigocloniuim tenue.| 3. Sheep’s 
Green, Cambridge. 
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M. rasticiatom (Kiitz.) 3. Wimpole Park. 

MicroTHAMNION Kirzineianum Nig. 5. Wicken Fen: Aug. 1898, 
amongst Chara hispida. 

Gonerosira STAGNALIS (G. S. West) Schmidle. {= Pilinia stagnalis 
G. S. West, “ Alga-fi. Cambs.” 1899, p. 107, t. 394, f. 6—9.] 7. The 
Washes, Sutton, forming a tough dull green stratum on the shells of 
LTimnea peregra. 

This is the largest species of the genus, and so far has not been 
recorded from any other part of the British Islands. 


Order ULVALES. 


ENTEROMORPHA INTESTINALIS (L.) Link. This plant appears to be 
generally distributed in the rivers and drain-dykes throughout the 
county. 3. R. Cam, Sheep’s Green. 4. R. Cam at Baitsbite. 
5. Burwell Lode. 6. R. Ouse, Ely; Sutton and Mepal, in ponds. 
7. The Washes, Sutton; Old River Nene, March. 8. Guyhirn. 


Order SCHIZOGONIALES. 


Prastoia crispa (Lightf.) Ag. 1. Trumpington Street, Cambridge. 
P. partetina (Vauch.) Wille. [= Hormidium parietinum Kiitz.| 


- 


1. Frequent about Cambridge. 5. Burwell. 7. March. 


Order MicrosPoRALEs. 


Microspora FLoccosa (Vauch.) Thur. 3. Sheep’s Green, Cam- 
bridge. 
Order CLADOPHORALES. 


CLADOPHORA CRISPATA (Roth) Kiitz. 2. Dernford Fen, 1 mile 8. 
of Shelford. 3. Comberton; Wimpole Park. 4. Pond near Girton. 
6. Roswell Pits, Ely. 7. Near March. 

C. ctomeraTa (L.) Kiitz. 3. R. Cam at Cambridge; Coton. 
6. Near Ely. 

C. FLAVESCENS Ag. 2. Octagon Pond, Wimpole Park. 8. Sheep’s 
Green, Cambridge. 7. Sutton West Fen. 

RHIZOCLONIUM HIEROGLYPHICUM Kiitz. 2 Dernford Fen, 1 mile 8S. 
of Shelford; Octagon Pond, Wimpole Park. 3. Sheep’s Green, Cam- 
bridge. 6. In ponds near Ely. 7. Sutton West Fen. 8. In ditches 
near Guyhirn. Frequent, May to Aug. 


Order SIPHONE. 


VAUCHERIA SESSILIS (Vauch.) DC. 3. Sheep’s Green, Cambridge ; 
Orwell; Wimpole Park. 5. Chippenham Fen. 8. Guyhirn. In a 
gathering of this species from Sheep’s Green, Cambridge, in July, 1898, 
some curious globular swellings were noticed at intervals in many of 
the filaments, frequently situated quite close to the oogonia, and gener- 
ally giving rise to one or more branches of varying length. They were 
most probably “galls” produced by one of the Rotifera. 

V. picHotoma (L.) Ag. 4. River Cam, between the “Pike and 
Eel” and Baitsbite. 5. Burwell Lode. 8. In ponds, Guyhirn. 
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V.TERRESTRIS Lyngb. 2. Great Shelford, by the roadside. 6. Near 
Ely, on damp ground. 

Order ConJUGATE. 

Movueeotia scataris Hass. 6. Roswell Pits, Ely: July, 1898. 

M. parvuta Hass. 6. Roswell Pits, Ely. 7. In ditches near 
March. This species is somewhat scarce in the county. Conjugating 
examples but without ripe spores, from Chippenham Fen. 

M. cenurvexa (Dillw.) Ag. [Mesocarpus pleurocarpus De Bary ; 
Mougeotia mirabilis (A. Br.) Wittr.] 2. Dernford Fen, 1 mile S. of 
Shelford. 3. Sheep’s Green, Cambridge; Hardwick. 6. Roswell Pits, 
Ely. 7. Sutton West Fen; in ditches about March. 8. Guyhirn. 
Frequently met with in a possible state of conjugation, but not with 
mature spores. 

M. patuposa G.S. West. 5. Burwell Lode, abundant: Aug. 1898. 
This species is as yet only known to occur in Cambridgeshire. 

M. catcarea Wittr. 5. Wicken Fen: Aug. 1900. 

M. viripis (Kiitz.) Wittr. 3. Hardwick. 5. Chippenham Fen. 

M. eraciLtiima (Hass.) Wittr. 3. Sheep’s Green, Cambridge. 
5. Wicken Fen. 

M. ELEGANTULA Wittr. Diam. veg. cells 4. 5. Chippenham 
Fen; Wicken Fen. This species was not observed in the conjugating 
state; but the extreme slenderness of the sterile cells, which were 
thirty to thirty-five times longer than their diameter, does not admit of 
its being any other species. Moreover, the chromatophores were 
restricted to the median portion of the cells exactly in the manner 
figured by Wittrock. Distrib.—Westmoreland, West Ireland, and 
Sweden. 

DeBarya cruciATa Price. 3. Coe Fen. The description of this 
species requires revision as the original is very erroneous and mis- 
leading. 

ZYGNEMA CRUCIATUM(Vauch.) Ag. 3. Wimpole Park: June, 1898. 
Sterile examples of a Zygnema, which was probably this species, were 
observed from the ditch by the Botanical Gardens, and from Sheep’s 
Green, Cambridge. 

Z. ERIcCETORUM (Kiitz.) Hansg. [Zygogonium ericetorum Kiitz.| 
5. Chippenham Fen, the aquatic form [forma fluitans (Kiitz.) Rabenh.], 
abundant, Aug. 1898. 

Z. Ravrsu (Hass.) De Bary. 3. Chippenham Fen. The zygospores 
were rather larger than the average size for this species. 

SprroGyra ArcTA (Ag.) Kitz. var. CATHNIFORMIS (Hass.) Kirchn. 
[S. cateniformis (Hass.) Kiitz.] 6. Roswell Pits, Ely. 

S. vARIANS (Hass.) Kiitz. 2. Dernford Fen, 1 mile 8. of Shelford. 
5. Chippenham Fen. 6. In ponds near Ely. 

S. communis (Hass.) Kiitz. 6. Ditches near Ely. 

8. nitipa (Dillw.) Link. 6. Ditches near Ely. 

S. maguscuta Kitz. [S. orthospira Nig.] 5. Chippenham Fen: 
very fine, Aug. 1898. 

S. maxima (Hass.) Wittr. Syn. S. orbicularis (Hass.) Kiitz. 
6. Roswell Pits, Ely: July, 1898. The ripe zygospores are of the 
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same rich brown colour as those of S. majuscula, and, although they 
are of considerably greater diameter, the spore-wall is comparatively 
thinner. The proportion of the thickness of the spore-wall to the 
diameter of the ripe spore is as 1:17:44; in the case of S. majuscula it 
is as 1: 12-5. 

S. eraciiis (Hass.) Kiitz. 3. Sheep’s Green, Cambridge ; Wimpole 
Park. 

S. pELLucIDA (Hass.) Kiitz. [Zygnema pellucida Hass.| 1. Ditch 
by the Botanical Gardens, Cambridge: June, 1897, intermingled with 
S. bellis. 3, Sheep’s Green, Cambridge: Aug. 1898. Distrib. 
England (Herefordshire; Yorkshire !). 

S. BELLIS (Hass.) Cleve. 1. In the ditch by the Botanical Gardens, 
Cambridge: June, 1897, intermingled with S. pel/ucida (Hass.) Kiitz. 

S. GREVILLEANA (Hass.) Kiitz. 3. Sheep’s Green, Cambridge ; 
Hardwick, in ponds. 

GonaTozycon Ratrsit De Bary. 5. Chippenham Fen, amongst 
Utricularia vulgaris; Wicken Fen, amongst Myriophyllum spicatum. 
6. Roswell Pits, Ely. 

G. Brépissoni De Bary. 6. Roswell Pits, Ely. 

G. Kinawant (Arch.) Rabenh. 3. Sheep’s Green, Cambridge: in 
pond amongst Spirogyra sp., July, 1898. 

Mesorznium Kramstat Lemmerm. 5. Chippenham Fen, in small 
pools amongst Utricularia vulgaris: Aug. 1898. This species, the 
most elongate of the genus, was discovered by Lemmermann in Aug. 
1895, in small pools on the “ Riesengebirge,” between Bohemia and 
Prussian Silesia. The Cambridgeshire specimens were of variable 
length, and all had the poles truncately rounded; certainly more 
truncate than figured by Lemmermann. All the examples observed 
were packed with a reserve of fatty oil, as is so often the case in 
species of this genus. 

Pentium picitus (Ehrenb.) Bréb. 7. Ponds S. of March. 

P. sp. Only one specimen of this species was observed ; the cell 
was oblong-elliptical, with semicircular poles, and in the middle there 
was a faint constriction. 8. Guyhirn. 

P. cruciFERUM (De Bary) Wittr. [Cosmariuwm cruciferum De 
Bary.| 5. Chippenham Fen. 

CLosTerIuM ACEROsUM (Schrank) Ehrenb. 2. Dernford Fen, 1 mile 
S. of Shelford. 3. Hardwick; Lord’s Bridge. 5. Wicken Fen. 

Var. ANGOLENSE West & G. S. West, /.c. 6. Roswell Pits, Ely. 
Long. 773 »; lat. 30 p. 

C. LATERALE Nordst. 2. Dernford Fen, 1 mile S. of Shelford. 
Since the original discovery of this rare species of Closteriwm at Pasto 
de Olaria, Pirassununga, Brazil, in Jan, 1880, it has not been placed on 
record for any other locality, and its extraordinary occurrence in Cam- 
bridgeshire is deserving of particular mention. 

The other species of Closteriwm known to occur in Cambridgeshire 
are the following :—C/. lanceolatum Kiitz., Cl. lunula Nitzsch, C7. 
prelongum forma brevior West, Cl. gracile Bréb., Cl. peracerosum var. 
elegans G. 8S. West, Cl. Pritchardianum Arch, Cl. lineatum Ehrenb., 


—" 
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Cl. rostratum Ehrenb., Cl. Kiitzingii Bréb., Cl. pronwm Breéb., Cl. 
aciculare var. subpronum W. & G. 8. West, Cl. acutwm (Lyngb.) Bréb., 
Cl. Ehrenbergii Menegh., Cl. Malinvernianum De Not., Cl. monili- 
Jerum (Bory) Ehrenb., Cl. Leibleinii Kiitz., Cl. Diane Ehrenb., C7. 
parvulum Nag., Cl. Venus Kiitz., Ol. Jenneri var. robustum G. 8. 
West, and Cl. idiosporum W. & G. S. West (Wicken Fen). 

PLeuROT#NIUM CorRONATUM (Bréb.) Rabenh. var. NopuLosuM (Bréb.) 
West. 5. Chippenham Fen. 

Pl. Trabecula (Ehrenb.) Nag., and forma granulata; also various 
forms of Pl. Hhrenbergit. 

EvastRuM INSULARE (Wittr.) Roy. 5. Wicken Fen. 

Cosmarrum cosratum Nordst. 5. Chippenham Fen. This rare 
species has up to the present only been recorded for the British Isles 
from several localities in Scotland, Yorkshire, and North Wales; and 
its occurrence in the fens of the east of England is most unaccountable, 
being strictly comparable to those cases of C’. anceps, C’. Holmiense, &c., 
already mentioned. 

C. pastticum G. S. West. 5. Chippenham Fen: Aug. 1898. This 
species is not known to occur elsewhere in the British Islands. 

C. susprotumipuM Nordst. var. Grecoru (Roy & Biss.) W. & G. S. 
West. 7. The Washes, Sutton, and Sutton West Fen. 8. Twenty- 
foot River, between March and Guyhirn., 

C. suscostatum Nordst. 6. Roswell Pits, Ely. 

Var. Becxu (Gutw.) W. & G. S. West. 8. Guyhirn, in ponds. 

C. ancers Lund. 5. Chippenham Fen, abundant in a ditch: Aug. 
1898, 

C. Pokornyanum (Grun.) W. & G. S. West. [= C. angustatum 
(Wittr.) Nordst.] 5. Chippenham Fen. 

The occurrence of this species and the preceding one in the fens of 
the east of England is very remarkable. 

C. pRoTUBERANS Lund. forma papuLosa W. & G. 8. West. [=C. 
protuberans forma G, S. West, “ Alga-fl, Cambs.” p. 116, t. 394, f. 12.] 
5. Chippenham Fen, in ditches. 

The following species of Cosmariwm also occur in Cambridgeshire :— 
C. quadratum Ralfs, C. Holmiense Lund. var. integrum Lund., C. gra- 
natum Bréb. and var. subgranatum Nordst., C. subtumidum Nordst. var. 
Klebsii (Gutw.) W. & G. 8. West, C. bioculatwm Bréb., C. abbreviatum 
Racib., C. Regnellit Wille, C. impressulum Elfr., C. leve Rabenh. var. 
septentrionale Wille and var. octangulare (Wille) W. & G. S. West, 
C. Meneghinii Bréb., C. angulosum Bréb., C. difficile Liitkem., C. exiguum 
Arch., C. humile (Gay) Nordst. and var, substriatwm (Nordst.) Schimdle, 
C. tetraopthalmum Menegh., C. margaritatum (Lund.) Roy & Biss., 
C. margaritiferum (Turp.) Menegh., C. reniforme (Ralfs) Arch. and 
var. compressum Nordst., C. punctulatum Bréb., C. formosulum Hoff, 
C. quinarium Lund., C. premorsum Bréb., C. Botrytis (Bory) Menegh. 
and var. medioleve West, C. Turpinii Bréb., C. biretum Bréb., 
C. ochthodes Nordst. and var, subcirculare Wille, and C. speciosum 
Lund. 

STAURASTRUM APICULATUM Bréb. 5. Wicken Fen. 
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S. PAXILLIFERUM G. S. West. 5. Wicken Fen: Aug. 1898. A 
rare British species only known to occur elsewhere in N. Yorkshire. 

S. Avicuta Bréb. Most of the forms observed were finely granulate, 
and the spines at the angles were reduced. 6. Roswell Pits, Ely. 

S. orpicuLtaRE (Khrenb.) Ralfs var. DePRessum Roy & Biss. 
2. Dernford Fen, 1 mile 8S. of Shelford. 5. Wicken Fen. 

S. puncruLatuM Bréb. 5. Wicken Fen. A form with the lateral 
angles in the front view slightly produced. 2. Dernford Fen, 1 mile 
S. of Shelford. 

S. HEXACERUM (Ehrenb.) Wittr. [S. tricorne Ralfs.]| 6. Roswell 
Pits, Ely. 

S. mnFLExUM Bréb. 2. Dernford Fen, 1 mile S. of Shelford. 
5. Wicken Fen; Chippenham Fen. 

S. cRENULATUM (Nag.) Arch. 2. Dernford Fen, 1 mile S. of 
Shelford, 

HYALOTHECA DISSILIENS (Sm.) Bréb. 5. Wicken Fen; Chippenham 
Fen. 


Order PRoTococcoIDEs. 


GoNIUM PECTORALE Miiller. 3. In ditch, St John’s College “backs,” 
Cambridge ; Sheep’s Green, Cambridge. 5. Burwell Lode. 

Panporina MorUM (Miill.) Bory. 3. Sheep’s Green, Cambridge ; 
Hardwick. 6. Roswell Pits, Ely. 7. The Washes, Sutton; ditches 
and pools about March, in immense quantity: Aug. 1898. 

CHLAMyDomMoNnas PutviscuLus (Mill.) Ehrenb. 5. Chippenham 
Fen. 6. In ponds near Ely. 7. Near March; Sutton West Fen. 

SPH#RELLA LACUSTRIS (Girod.) Wittr. [= Haematococeus lacustris 
(Girod.) Rostaf.; Chlamydococcus pluvialis (Flot.) A. Br.] 5. Wicken 
Fen. 6. Roswell Pits, Ely. 

Ca@LastrUM cuBicuM Nag., C. sphericum Nag., C. cambricum Arch. 
[= C. pulchrum Schmidle. | 

Pediastrum Boryanum (Turp.) Menegh. and var. granulatum (Kiitz. ) 
A. Br., P. constrictum Hass., P. duplex Meyen, P. Tetras (Ehrenb.) 
Ralfs, P. integrum Nig. 

CRUCIGENIA RECTANGULARIS (Niig.) A. Br. 5. Wicken Fen, very 
fine, 1896 and 1898. 6, Roswell Pits, Ely. 

C. quaprata Morren. 5. Chippenham Fen: families of sixteen 
cells. 7. The Washes, Sutton. 

CHZTOSPHERIDIUM GLOBOsUM (Nordst.) Klebahn. [= Vordstedtia 
globosa Borzi.| 3. Hardwick. 

Scenedesmus byugatus (Turp.) Kiitz., S. guadricauda (Turp.) Bréb. 
and var. abundans Kirchn., S. alternans Reinsch, S. obliquus (Turp.) 
Kiitz. [and Dactylococcus infusionum Nag.], S. antennatus, S. denticu- 
latus Lagerh. var. linearis Hansg., and S. acutiformis Schroder. 

Ankistrodesmus falcatus (Corda) Ralfs and var. aciculare (A. Br.) 
G. S. West, and A. convolutus (Rabenh.) G. 8S. West. 

Tetraédron minimum (A. Br.) Hansg., 7. trigonum (Nig.) Hansg., 
T. muticum (A. Br.) Hansg., 7. caudatum (Corda) Hansg., 7. regulare 
Kiitz., and 
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T. rerraconum (Nag.) Hansg. var. INERME Wille. Small forms: 
diam. 13°5—18°5; thickness 9° 5 p. 5, Chippenham Fen. 

CERASTERIAS LONGISPINA (Perty) Reinsch. [| Polyedriwm longispinum 
Perty.] 3. Ditch, St John’s College “ backs,” Cambridge. 

CHARACIUM SUBULATUM A. Br. 3. Wimpole Park. 

C. minutum A. Br. 2. Dernford Fen, 1 mile 8. of Shelford. 

C. ampicuum Herm. 5. Wicken Fen. 6. Near Ely. 

C. neTERoMORPHUM Reinsch. [Hydrianwm heteromorphum Reinsch. } 
3. Sheep’s Green, Cambridge ; Hardwick. 5. Wicken Fen. 

C. tonaipes Rabenh. 3. Sheep’s Green, Cambridge. 

C. oRNITHOCEPHALUM A. Br. 5. Wicken Fen. 

CuLorocuytTriuM Lemna Cohn. 6. Near Sutton, on Lemna 
trisulca. 

ScHIzocHLAMYs DELIcATULA West. 5. Sheep’s Green, Cambridge: 
June, 1895. 5. Chippenham Fen: Aug. 1898. 

Apiocystis Brauntana Nag. 2. “Dernford Fen, 1 mile 8. of 
Shelford: Aug. 1898, very fine. 3. Hardwick. 5. Wicken Fen. 
6. Roswell Pits, Ely. 

TETRASPORA GELATINOSA (Vauch.) Desv. 1. In the ditch by the 
Botanical Gardens, Trumpington Road, Cambridge: June, 1897. 

Borryococcus Braun Kiitz. [Inclus. Ineffigiata neglecta W. & 
G. S. West.] 2. Dernford Fen (very abundant in Aug. 1898). 
3. Sheep's Green, Cambridge; Wimpole Park. 5. Wicked Fen. 
6. Roswell Pits, Ely. 7. Ponds S. of March; The Washes, Sutton, 
and Sutton West Fen. 8. Twenty-foot River between March and 
Guyhirn. 

NEPHROCYTIUM LUNATUM West. 2. Dernford Fen, 1 mile 8. of 
Shelford. 6. Roswell Pits, Ely: fairly abundant, Aug. 1895, and 
July, 1898. Distrib.—Westmoreland! Yorkshire! Surrey! N. Ireland! 
Paraguay. 

N. Nacetu Grun. 5, Chippenham Fen; Wicken Fen. 6. Ros- 
well Pits, Ely. 7. Ponds S. of March. 

N. opesum West. 5. Chippenham Fen. Distrib,—Cumberland ! 
Brazil. Paraguay. 

Two forms of this species were noticed in addition to the type. 
One had somewhat narrower cells with the cell-membrane slightly 
thickened at the sides. The other was a large form with a very thick 
integument. 

OocysTIs soLiTARIA Wittr. 5. Chippenham Fen; Wicken Fen. 
8. Guyhirn, in ponds; Twenty-foot River, between March and 
Guyhirn. 

O. parvA West & G. S. West. 8. Guyhirn. 

Giaocystis Gieas (Kiitz.) Lagerh. [Chlorococeum gigas (Kiitz.) 
Grun. ; Glaocystis ampla (Kiitz.) Rabenh.] 5. Wicken Fen ; Chippen- 
ham Fen. 6. Roswell Pits, Ely. 7. Ponds 8S. of March. 

G. vesicuLosa Nag. 2. Dernford Fen, 1 mile 8. of Shelford 
8. Guyhirn, in ditches. 

AsTERococcus SuPERBUS (Cienk.) Scherffel. [= Gleocystis infusiona 
(Schrank) W. & G.S. West.] 5. In ditches, Burwell Lode; Wicken Fen. 
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PLevRococcus vuLGARIS Menegh. Abundant in most localities, 
and very finely developed on some of the hedges. 

P. ruFescens (Kiitz.) Bréb. 1. Very fine on a wet spout, Cam- 
bridge: June, 1898. 

P. ntmpatus De Wildem. 2. Dernford Fen, 1 mile 8. of Shelford, 
attached to leaves of Nuphar luteum. 5,. Wicken Fen, attached to 
leaves of Nymphea alba. 

TrocHisci4 HIRTA (Reinsch) Hansg. 1. Forming dark green 
masses on damp ground at the bases of trees, Cambridge, along with 
Stichococcus bacillaris Nag. 

T. RETICULARIS (Reinsch) Hansg. 5. Chippenham Fen. 

PROTODERMA VIRIDE Kiitz. 2. Dernford Fen, 1 mile 8S. of Shelford, 
on Cladophora crispata. 3. Sheep’s Green, Cambridge, on Elodea 
canadensis. 5. Burwell Lode, on Glyceria fluitans. 7. The Washes, 
Sutton, on Glyceria fluitans. 

This alga occurs as an epiphyte on the leaves of many aquatic 
phanerogams, forming a closely adherent subparenchymatous stratum, 
which is generally fringed by filamentous outgrowths of unequal 
extent. 


Clas HETEROKONTA. 


Order CONFERVALES. 


CHaraciopsis TURGIDA W. & G. 8S. West. [= Characium sp. G. 8. 
West, “ Alga-fl. Cambs.” 1899, p. 222, t. 395, f 7.] A large stout 
species found on several occasions in the ponds on Sheep’s Green, 
Cambridge. 

MiscHococcus conFERVICOLA Nag. 3. Sheep’s Green, Cambridge: 
June, 1898. 

CHLOROBOTRYS REGULARIS (West) Bohlin. [=Glaocystis regularis 
W. &G.S. West.] 5. Wicken Fen, in peaty pools. 

OPHIOCYTIUM COCHLEARE (Eichw.) A. Br. 3. Sheep’s Green, Cam- 
bridge ; Harlton; Hardwick. 5. Burwell; Wicken Fen. 6. Roswell 
Pits, Ely. 7. Near March. 

O. paARvULUM (Perty) A. Br. 3. Wimpole Park. 5. Chippenham 
Fen. 8. Guyhirn. 

O. ArBuscuta (A. Br.) Rabenh. [Sciadiwm Arbuscula A. Br.] 
3. Sheep’s Green, Cambridge. 6. Roswell Pits, Ely. 

TRIBONEMA BoMBYCINA (Ag.) Derb. & Sol. [=Conferva bombycina 
Ag.] 3. Sheep’s Green, Cambridge; Harlton; Wimpole Park. 
5. Burwell; Chippenham Fen. 6. Roswell Pits, Ely; Sutton. 
8. Guyhirn. 

Forma minor (Wille.) G. S. West. 3. Harlton. 5. Burwell; 
Wicken Fen. 


T. AFFINIS (Kiitz.) G. S. West. 3. Sheep’s Green, Cambridge: 


July, 1898. 

BorryDium GRANULATUM (L.) Grev. 4. Abundant on mud in a 
drying ditch by the side of the Madingley Road, about 1 mile from 
Cambridge: Oct. 1898. 5. Between Swaffham Prior and the Beacon 
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Course, Newmarket Heath, on drying-up chalk mud: July, 1895; 
W. West, Jun. 


Class MYXOPHYCEZ:. 


Order HorMOGONES. 


CaLorurix Fusca (Kiitz.) Born. & Flah. 3. Sheep’s Green, Cam- 
bridge; Wimpole Park. In both instances the plants occurred either 
as solitary filaments or slightly gregarious, attached to Vaucheria 
sessilis. This is the first instance of this alga having been found in 
Britain, and its occurrence as an epiphyte on Vaucheria is rather 
remarkable, as it is usually found on such alge as Batrachospermum, 
Chetophora, etc., which possess a more gelatinous thallus. 

C. epipHyticA West & G. S. West. 8. Guyhirn, on Vaucheria 
dichotoma. A much smaller species than the preceding, and only 
previously observed from West Africa. 

Rivuiaria puRA Roth. 5. Wicken Fen: very abundant in pools 
and peaty ditches, Aug. 1898. Forming olive or dark-green hemi- 
spherical masses of small size, attached to Myriophyllum spicatum and 
Chara hispida. 

R. minututa (Kiitz.) Born. & Flah. 5. Chippenham Fen. This 
species was attached to the submerged portions of Phragmites communis, 
forming little pulvinate masses of a bright blue-green colour. Although 
this interesting species has not been previously recorded for England, 
it has a wide distribution on the continent, and may probably have 
been overlooked in this country. 

GLeorricuia Pisum (Ag.) Thur. 8. Twenty-foot River, between 
March and Guyhirn: very scarce, July, 1898. 


Fam. SiROSIPHONIACE. 


STIGONEMA OCELLATUM (Dillw.) Thur. 5. Chippenham Fen, among 
Utricularia vulgaris. 


Fam. ScyToNEMACES, 


ToLyPoTHRIx LANATA (Desv.) Wartm. [7 coactilis Kiitz.; 7’. ega- 
gropila (Kiitz.) Rabenh.] 5. Wicken Fen, on the leaves of Vymphea 
alba. 7. In large quantity in a pond about two miles 8. of March, 
8. Twenty-foot River, between March and Guyhirn. 

T. renuis Kiitz. [7. pygmea Kiitz.] 5. Chippenham Fen, forming 
thick, felted, gelatinous masses among Utricularia vulgaris. 

Nosroc microscopicum Carm. 3. Sheep’s Green, Cambridge. 
5. Chippenham Fen. 

ANABENA VARIABILIS Kiitz. 3. Sheep’s Green, Cambridge. 

A. inaquaLis (Kiitz.) Born. & Flah. 6. Sutton, in ponds. 
6. Guyhirn, in ponds. 

Noputaria sPH#ROCARPA Born. & Flah. 6. In ditches near Ely: 
July, 1898. The filaments possessed an excessively thin hyaline 
sheath, and the spores were noticed 3—11-seriate. Distrib.—F rance, 
Belgium, Italy. 


272 Mr Evans, A Short Flora of Cambridgeshire 


CYLINDROSPERMUM STAGNALE (Kiitz.) Born. & Flah. 5. Chippenham 

Fen, in peaty pools; Wicken Fen, in peaty ditches. 7. March, in 
onds. 

: Lyngbya major Menegh., L. erugineo-cerulea (Kiitz.) Gom., and 
L. ochracea (Kiitz.) Thur. 

Phormidium molle (Kg.) Gom., P. luridum (Kg.) Gom., P. valderi- 
anum (Delp.) Gom., P. laminosum (Ag.) Gom., P. tenue (Menegh.) 
Gom., P. angustissimum W. & G. 8. West, P. inundatum Kutz., 
P. Retzii (Ag.) Gom., and P. autumnale (Ag.) Gom. (inclus. P. unet- 
natum). 

Oscillatoria princeps Vauch., O. limosa Ag., O. ornata Kiitz., 
O. irrigua Kiitz., O. simplicissima Gom., O. tenuis Ag., O. amphibia 
Ag., and O. splendida Grev. 

O. pEcoLoRATA G. S. West. 5. In ditch parallel to Burwell Lode: 
Aug. 1898. A curious and apparently saprophytic species of Oscilla- 
tora. 

O. PROBOSCIDEA Gomont. 5, In a ditch parallel to Burwell Lode. 
Not previously recorded from Europe. 

O. acuminaTA Gomont. 3. Sheep’s Green, Cambridge. This 
striking species was obtained only once, in July, 1898. It has 
previously been seen only from Italy. 

SPIRULINA MAJOR Kiitz. [S. oscillarioides Kiitz.] Crass. trich. 
18 yp. 5, Wicken Fen. 


Order CoccoGoNE. 


CHAMASIPHON INCRUSTANS Grun. [Spherogonium incrustans (Grun.) 
Rostaf.] 3. Sheep’s Green, Cambridge, on Vaucheria sp. and @do- 
gonium sp. 8. Twenty-foot River, between March and Guyhirn, on 
dogonium crassiusculum and var. idioandrosporum. 

GLa@ocuatEe WiTTRocKIANA Lagerh. [Schrammia barbata Dangeard 
1889.| 2. Dernford Fen, 1 mile S. of Shelford. 3. Sheep’s Green, 
Cambridge. 

The cell-contents of this plant are most brilliant blue-green in 
colour, and very granulose; they are the contents of a typical 
Chroococcaceous alga. The bristles are excessively thin, 190-—260 » 
in length, and are attenuated to a very fine apex, near which minute 
branches or spurs are occasionally developed. 

GLGOTHECE CONFLUENS Nag. 2. Dernford Fen, | mile 8. of Shelford. 
5. Chippenham Fen. 

APHANOTHECE Microscopica Nag. 5. Chippenham Fen. 

SyNEcHOcoccus MAJOR Schriter. [S. crassus Arch.] 5. Chippen- 
ham Fen; Wicken Fen. 

S. RosEo-PURPUREUS G. S. West. 5. Wicken Fen, in ditches, 
among Mougeotia sp. 

This occurred in immense numbers in several ditches at the margins 
of Wicken Fen; it has characteristically short cells, is rarely much 
longer than broad, and is of a marked rose-purple colour, the few large 
granules in each cell being dark and conspicuous. 

Guiaucocystis NosTocHINEARUM Itzigsh. 6. Roswell Pits, Ely. 


el 


oi AD 


ee ee es 3 


with a History of its chief Botanists. 273 


MERISMOPEDIA HYALINA Kiitz. 6. Roswell Pits, Ely. 

M. viotacea (Bréb.) Kiitz. 5. Wicken Fen. 

M. etauca (Ehrenb.) Nag. 3. Trumpington; Lord’s Bridge; 
Wimpole Park. 5. Wicken Fen. 7. PondsS.of March. 8. Twenty- 
foot River, between March and Guyhirn. 

M. puncrata Meyen. 8. Guyhirn, in ponds. 

M. evecans A. Braun. 5. Wicken Fen. Diam. cell. 6°5—9°5 p. 
This fine species, much the largest of the genus, has only previously 
been met with from a few localities in Germany. The cells are some- 
what angular by compression, and are of a brilliant blue-green colour. 
The families attain a very large size, and contain more numerous cells 
than those of any other species of Merismopedia ; those observed were 
composed of 5441856 cells, and reached a diameter of over 220 pu. 

TETRAPEDIA GLAUCESCENS (Wittr.) Boldt. 2. Dernford Fen, 1 mile 
S. of Shelford. 6. Roswell Pits, Ely. Sutton West Fen. 

GOMPHOSPHHRIA APONINA Kiitz. 5. Chippenham Fen; Wicken 
Fen. 

MICROCYSTIS ROSEO-PERSICINUS (Kiitz.) 
persicinus (Kiitz.) Cohn. | 

M. mMARGINATA (Menegh.). 3. Sheep’s Green, Cambridge. 

M. evasens Bréb. 5. Wicken Fen. 7. In ditches, March. 

PorRPHYRIDIUM CRUENTUM (Ag.) Néig. 1. Wall of the Senate 
House, and by the Leys School, Cambridge. 3. Newnham Mill, 
Cambridge. 

Curoococcus tureipus (Kiitz.) Nag. 5. Wicken Fen; Chippen- 
ham Fen. 

CHrRoococcus macrococcus Rabenh. [= Urococcus insignis (Hass. ) 
Kiitz.] 5. Chippenham Fen. 

C. pattipus Nag. 5. Chippenham Fen. 

C. RUFESCENS (Bréb.) Nag. 5. Chippenham Fen. 7. Ponds S. of 
March. 

C. minor (Kiitz.) Nag. 5. Wicken Fen. 6. Roswell Pits, Ely. 


[= Clathrocystis roseo- 


Class BACILLARIEZE. 


Order CENTRICH. 
Melosira varians Ag. 
Cyclotella Kiitzingiana Chauvin, C. Meneghiniana Kiitz., and 
C. operculata Kiitz. 
Coscinopiscus Lacustris W. Sm. 8. Wisbech [W. Smith]. 


Order PENNATA. 


Amphora ovalis Kutz. and var. Pediculus Kiitz. 

Cocconema Ehrenbergii (Kiitz.), C. cuspidatum (Kiitz.), C. affine 
(Kiitz.), C. delicatulum (Kiitz.), C. lave (Niig.), C. gastroides (Kiitz.), 
C. lanceolatum Ehrenb., C. cymbiforme (Kiitz) Ehrenb. and var. parva 
(W. Sm.), C. Cistula Hempr., C. turgidum (Greg.), and C. cespitosum 
(Kiitz.). 


274 Mr Evans, A Short Flora of Cambridgeshire 


Mastogloia lanceolata Thw., M. exigua Lewis, and M. Dansei Thw. 

Stauroneis Phenicenteron (Nitzsch) Ehrenb., S. anceps Ehrenb. and 
var. amphicephala (Kiitz.) V. H., and S. Legumen Ehrenb. 

Navicula nobilis (Ehrenb.) Kiitz., W. major Kiitz., NV. viridis Kiitz., 
N. borealis Ehrenb., V. divergens (W. Sm.) Ralfs, V. Brébissonia Kiitz., 
N. subcapitata Greg., N. appendiculata Kiitz., N. mesolepta Ehrenb., 
NV. oblonga Kiitz., NV. peregrina (Ehrenb.) Kiitz. and var. Menisculus 
Schum., WV. gracilis Kiitz. and var. neglectum (Thwaites) G. 8. West, 
N. viridula Kitz., N. radiosa Kiitz. and var. acuta (W. Sm.) V. H., 
NV. eryptocephala Kiitz. and var. veneta (Kiitz.) V. H., V. rhynchocephala 
Kiitz. and var. amphiceros V. H., N. Humilis Donk., N. lanceolata 
Kiitz., V. Gastrum (Ehrenb.) Donk., V. tumida W. Sm., N. dicephala 
Ehrenb., WV. elliptica Kiitz., NV. Tuscula Ehrenb., N. pusilla W. Sm., 
N. cuspidata Kitz. M ambigua Ehrenb., V. spherophora Kiitz., 
NV. exilis Kiitz., N. Amphisbena Bory, N. limosa Kutz. and var, 
gibberula (Kiitz.) V. H., VW. Zridis Ehrenb. and vars. amphigomphus, 
amphirhyncus, and affinis, N. Pupula Kiitz., V. atomoides Grun., and 
NV. Gallica (W. Sm.) V. H. 

Vanheurckia rhomboides (Ehrenb.) Bréb. var. saxonica (Rabenh.) 
G. S. West. 

Amphipleura pellucida Kiitz. 

Gyrosigma attenuatum (Kiitz.), G. acuminatum (Kiitz.), &. Spencerii 
(Quekett), G. Parkeri (Harrison). 

Amphiprora paludosa W. Sm. and A. ornata Bailey. 

Gomphonema constrictum Ehrenb. and var. capitatum (Ehrenb.) 
V. #H., G. acuminatum Ehrenb., G. Augur Ehrenb., G. tenellum Kiitz., 
G. parvulum Kiitz. and var. subcapitata V. H., G. intricatum Kiitz. and 
var. Vibrio (Ehrenb.) V. H., G. angustatum Kiitz., G. gracile Ehrenb. 
and var. dichotomum (Kg.) V. H. and G@. olivaceum (Lyngb.) Kiitz. 

Rhoicosphenia curvata (Kg.) Grun. 

Achnanthidium flexellum (Kiitz.) Bréb. 

Achnanthes Hungarica Grun., A. microcephala (Kg.) Grun., A. exilis 
Kiitz., A. linearis (W. Sm.) Grun., and A. lanceolata (Bréb.) Grun., 

Cocconeis Pediculus Ehrenb. and C. Placentula Ehrenb. 

Epithemia turgida (Ehrenb.) Kiitz., 2. Sorex Kiitz., 2. gibba Kg. 
and var. ventricosa (Kg.) V. H., #. argus (Ehr.) Kg. and var. alpestris 
(W. Sm.) Rabenh., and #. gibberula Kg. 

Eunotia pectinalis (Dillw.) Rabenh., £. Junaris (Ehrenb.) Grun. and 
var. bilunaris (Ehr.) Grun., £. biceps (W. Sm.), and #. sp. Valve 
slightly arcuate, sides subparallel and minutely undulate, apices 
rounded, slightly subeapitate; strie 10 in 10»; length 106—111 xp. 
5. Wicken Fen, frequent. Figured in the “ Alga-fl. Cambs.” 1899, 
t. 296, £. 12, 13. 

Synedra pulchella Kiitz. and var. minutissima (W. Sm.), S. Vawch- 
eric Kg.,S. Ulna (Nitzsch) Ehrenb. and vars. splendens and oxyrhynchus, 
S. Acus (Kg.) Grun. and vars. delicatissima and angustissima, S. capitata 
Ehrenb., S. radians (Kg.) Grun., and S. famelica Kg. 

Asterionella formosa Hass. 

Fragilaria. virescens Ralfs, F. capucina Desmaz., F. construens 
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(Ehr.) Grun. and var. Venter V. H., and F. mutabilis (W. Sm.) 
Grun. 

Meridion circulare (Grev.) Ag. and var. constrictum (Ralfs) V. H. 

Diatoma vulgare Bory, D. elongatum Ag., and D. hiemale (Lyngb.) 
Heib. 

Denticula tenuis Kg. 

Cymatopleura elliptica (Bréb.) W. Sm, and C. Solea (Bréb.) W. Sm. 

Surirella biseriata Bréb., S. linearis W. Sm., S. robusta Ehrenb., 
and S. ovalis Bréb. and vars. angusta, pinnata, minuta, and ovata. 

Campylodiscus hibernicus Ehrenb. 

Hantzschia Amphioxys (Ehrenb.) Grun. 

Nitzschia Tryblionella (Ehr.) Grun., N. constricta (Kg.) Ralfs, 
NV. acuminata (W. Sm.) Grun., NV. circumsuta (Bréb.) Grun., V. com- 
mutata Grun., N. Denticula Grun., WV. sinwata (W. Sm.) Grun., 
NV. dissipata (Kg.) Grun. and var. media V. H., V. parvula W. Sm., 
NV. sigmoidea (Ehr.) W. Sm., N. vermicularis (Kg.) Grun., WV. cwrvula 
(Ehrenb.) W. Sm., WV. obtusa W. Sm. var. nana Grun., WV. linearis (Ag.) 
W. Sm. and var. tenuis (W. Sm.) Grun., WV. subtilis Grun. and var. 
paleacea Grun., NV. Palea (Kg.) W. Sm. and var. debilis V. H., 
N. amphibia Grun., and NV. acicularis (Kg.) W. Sm. 
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FUNGI. 
By F. T. Brooks, M.A., Gonville and Caius College. 


The Fungus flora of the county as at present known cannot be 
described as a rich one. This is due partly to the fact that few 
persons in recent years have systematically collected Fungi in the 
district. The paucity of woodland in the county has also an unfavour- 
able influence upon the extent of the fungus flora; for, according to 
recent agricultural returns, Cambridgeshire, excluding London, is 
the most badly wooded county in England, only about one per 
cent. of its area being covered by woodland. 

With the advance of that branch of Botany known as Ecology it 
is becoming clear that the distribution of many saprophytic fungi is 
limited to places where certain special food materials are available, 
As investigation proceeds it will probably be found that each type 
of wood and heath has its own characteristic fungus flora. The 
habitats of many fungi are already known to be sharply defined, 
e.g. Amunita muscaria is found only under Birch trees, Russula 
emetica only under Beech. The following types of wood are met 
with in the county: (1) the Ash-Oak-Hazel association situated on 
calcareous glacial clay as at Madingley, (2) the Oak-Birch wood 
with a “heathy” ground flora such as is found on the Lower 
Greensand near Gamlingay, (3) the Oak wood with a ground flora 
of Pteris aquilina and Holcus mollis also found on the Lower 
Greensand near Gamlingay, and (4) the Beech wood on Chalk. 
Of these types the one richest to the mycologist is that of the 
Oak-Birch wood with a “heathy” ground flora, while the poorest 
on the other hand is that of the Oak wood whose ground flora is 
principally Bracken (Pteris aquilina). 

Of plant diseases caused by parasitic fungi one may mention 
as occurring in the county the Larch Canker (Dasyscypha calycina 
or Peziza Willkommii) and the American Gooseberry Mildew 
(Sphaerotheca mors-uvae) of which some ninety cases were recorded 
during the summer of 1908. Black Scab of potatoes (Chryso- 
phlyctis endobiotica) has not yet been recorded*. 

The literature in regard to the mycology of the county is 


* One case of this disease has since been found in the county. 
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extremely sparse. Ray in his Methodus Plantarum circa Canta- 
brigiam nascentiwm published in 1620 mentions Amanita, 
Boletus, Agaricus and Lycoperdon, but of course these “genera” 
are not synonymous with those of the present day. Martyn in the 
Plante Cantabrigienses of 1763 gives a list of 6 genera and 16 
species of fungi. Relhan in the Flora Cantabrigiensis of 1820 
makes a fairly complete survey of the mycology of the district. 
He records 23 genera and 255 species including the lower fungi 
and the organisms now known as Myxomycetes. 

The following is a list of the higher fungi which have been 
recently found in the county, the majority having been recorded 
during 1908. When the district has been searched more thoroughly 
this list will doubtless be very much extended. The nomenclature 
of Massee’s British Fungus Flora has been followed for all 
groups except the Uredinez, for which Plowright’s monograph has 
been used. 


BASIDIOMYCETES. 
Gasteromycetes. Fomes vegetus Fr. 
Scleroderma vulgare Fr. annosus Fr. 
bovista Fr. ribis Fr. 


Polyporus squamosus Fr. 
bovista Linn. giganteus Fr. 
Geaster fimbriatus Fr. ——  sulphureus Fr. 
Ithyphallus impudicus Fisch. — hispidus Fr. 
Hymenomycetes. —  betulinus Fr. 
Hirneola auricula-jude Berk. adustus Fr. 
Exidia glandulosa Fr. Boletus chrysenteron Fr. 
Dacryomyces stillatus Nees. subtomentosus Linn. 
Calocera viscosa Fr. estivalis Fr. 
Clavaria abietina Schum. badius Linn. 
crocea Pers. granulatus Linn. 
Thelephora laciniata Pers. edulis Bull. 
Peniophora quercina Cooke. rubinus W. G. Smith. 
Stereum hirsutum Fr. rubiginosus Fr. 
sanguinolentum Fr. viscidus Linn. 
rugosum Fr, scaber Fr. 


Lycoperdon pyriforme Scheff. 


Pet tele! | 


purpureum Pers. 
Solenia anomala Fr. 
Hydnum auriscalpium Linn. 
Phlebia merismoides Fr. 
Merulius lacrymans Fr. 
Deedalea quercina Pers. 
Poria vaporaria Fr. 
Polystictus versicolor Fr. 
Fomes ulmarius Fr. 
igniarius Fr. 


VO, XVI. PT: III. 


Coprinus comatus Fr. 
micaceus Fr. 
domesticus Fr. 
Psathyrella disseminata Pers. 
Hypholoma fascicularis Huds. 
Stropharia albo-cyanea Desm. 
Agaricus campestris Linn. 
arvensis Scheeff. 
Paxillus involutus Fr. 
Cortinarius armeniacus Fr. 
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Cortinarius jubarinus Fr. 
rigidus Fr. 
Crepidotus epigzeus Pers, 
Inocybe obscura Pers. 
perbrevis Weinm. 
Pholiota squarrosa Mill. 
Hygrophorus miniatus Fr. 
conicus Fr, 
ovinus Bull. 
Clitocybe infundibuliformis 
Scheff. 
geotropa Bull. 
— inversus Scop. 
brumalis Fr. 
Laccaria laccata Scop. 
Lactarius turpis Fr. 
blennius Fr. 
quietus Fr, 
glyciosmus Fr. 
subdulcis Fr, 
Russula cyanoxantha Scheff. 
rubra Fr. 
— fetens Fr. 
—— emetica Fr. 
Queletii Fr. 
Mycena capillaris Fr. 
rugosa Fr. 
galericulata Scop. 
Collybia radicata Relh. 
velutipes Fr. 
— tenucella Pers. 
muscigena Schum. 
Marasmius oreades Fr. 
Tricholoma gambosum Fr. 
personatum Fr. 
Amanita muscaria Fr. 
strobiliformis Vitt. 
nitida Fr. 


Uredinee. 


Uromyces fabz Pers. 
geranii DC. 
betze Pers. 

poz Rabh. 
alchemille Pers. 
ficariz Schum. 
scillarum Grev. 


ALT T | 
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Puccinia asparagi DC. 
thesii Desv. 
pulverulenta Grev. 
viole Schum. 
menthe Pers. 
primule DC. 
vince Del. 
graminis Pers. 
glumarum Schmidt. 
coronata Corda. 
rubigo-vera DC. 
poarum Nielsen. 
caricis Schum. 
scheleriana Plow. 
molinie Tul. 
suavolens Mart. 
taraxaci Plow. 
polygoni Pers. 
pruni Pers. 
tragopogi Pers. 
smyrnii Corda. 
adoxe DC. 
malvacearum Mont. 
Triphragmium ulmarize Schum. 
Phragmidium violaceum 
Schultz. 
—— rubi Pers. 
ae subcorticatum 
Schrank. 
rubi-idei Pers. 
Gymnosporangium sabinz 
Dicks. 
Melampsora helioscopiz Pers. 
lini Pers. 
populina Jacq. 
Coleosporium senecionis Pers. 
sonchi Pers. 
a euphrasiz Schum. 
campanule Pers. 
Cronartium ribicolum Dietr. 
Uredo symphyti DC. 
Coma euonymi Gmelin. 
mercurialis Pers. 
Aecidium grossularize Gmelin. 
bunii DC. 
——  punctatum Pers. 
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USTILAGINEA. 


Ustilago longissima Sow. 
hypodytes Schlecht. 
segetum Bull. 
olivacea DC. 
violacea Pers. 


| 


Tilletia tritici Bjerk. 
Urocystis anemones Pers. 
viol Sow. 
Doassansia sagittarize Fckl. 


ASCOMYCETES, 


Ascomyces pruni B. & Br. 
deformans Berk. 
— _ aureus Magnus. 
turgidus Phil. 
Gymnoascus Reesii Baran. 
Rhytisma acerinum Fr. 
Bulgaria polymorpha Wettstein. 
Ascobolus furfuraceus Pers. 
Helotium virgultorum Karst. 
Sclerotinia Fuckeliana. 
fructigena Rehm. 
Lachnea scutellata Gillet. 
Dasyscypha calycina Fckl. 
Stevensoni Sace. 
Geopyxis coccinea Mass. 
Humaria granulata Sacce. 
Peziza vesiculosa Bull. 
venosa Pers. 

Otidea leporina Fuckel. 
aurantia Mass. 
Helvella crispa Fr. 
Mitrophora semilibera Lév. 
Morchella esculenta Pers. 
Geoglossum glabrum Pers. 
Erysiphe graminis DC. 


Erysiphe Martii Lev. 
communis Wallr. 
—  lamprocarpa Wallr. 
Umbelliferarum Lév. 
Phyllactinia sutfulta Reb. 
Spherotheca pannosa Wallr. 
mors-uvae Schwein. 
Podospheera Oxyacanthee DC. 
Microsphera Grossulariz Lévy. 
Nectria cinnabarina Fr. 
ditissima Fr. 
Hypomyces rosellus Tul. 
Polystigma rubrum Pers. 
Epichloe typhina Pers. 
Claviceps purpurea Tul. 
Phyllachora Graminis Pers. 
Chetomium globosum Kze. 
Pleospora herbarum Pers. 
Gnomonia erythrostoma Pers. 
Hypoxylon fuscum Fr. 
Daldinia concentrica Bolt. 
Xylaria polymorpha Grev. 
hypoxylon Grev. 
Eutypella Prunastri Pers. 
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LICHENES. 
By THE Rev. P. G. M. Ruopes, M.A., Pembroke College. 


A good deal of work has been done at the lichens of Cambridge- 
shire, although the only systematic lists available are those in the 
various editions of Relhan’s Flora Cantabrigiensis, especially 
that of the fourth and most complete edition, date 1820. He 
appears to have worked the county carefully, and though the 
advance of science has rendered many of his records doubtful, yet 
the synonymy of others is clear; and they form an important part 
of the list below. The writer is greatly indebted to Mr A. R. 
Horwood, of the Corporation Museum, Leicester, for working out 
the synonymy of Relhan. 

There are a considerable number of records from Cambridge- 
shire quoted in Leighton’s British Lichen Flora (3rd ed., 1879), 
chiefly however on the authority of “Relhan.” It is not clear 
whether Leighton had examined specimens of Relhan’s collecting 
in these cases, or whether he was merely quoting Relhan’s work : 
if the latter, he appears to have quoted him in a somewhat 
haphazard manner, ‘There are also a few important new records in 
Leighton. 

From about this time onwards the county lichen-flora was 
worked by Mr Larbalestier, of St John’s College, who included many 
Cambridgeshire species in the ewsiccata he produced. Many new and 
rare species are thus recorded for the county, though the commoner 
species are but scantily represented. The easiccata quoted are 
Larbalestier’s Lichen Herbarium and Lichenes rariores circa 
Cantabrigiam lecti, ed. Larbalestier. Of this latter only one 
fascicle (the first) is available at Cambridge, and may be seen in 
the Town Library. 

A number of important records are obtained from Crombie’s 
Monograph of British Lichens (1894), in which a list is given 
of all the specimens in the British Museum. The collectors and 
dates of the specimens are not given ; but they appear to have come 
chiefly from Larbalestier. 

As records for the commoner species were only to be found in 
Relhan, the writer during 1908—9 collected a number of specimens 
with a view to establishing the present occurrence of these lichens 
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in the county. The Rev. H. P. Reader has most kindly identified 
these specimens, with the result that many ef Relhan’s records 
have been confirmed, and some new species added. It is plain 
that there is still plenty of room for work at these plants, and it is 
probable that many available records have been overlooked. 

The old chalk turf produces an interesting growth of Cladoniei 
and Collemacei, and the trees of the county produce most of the 
common, and a few rare, species. Saxicolous lichens are poorly 
represented in the following list, as owing to the total absence of 
hard rocks they are necessarily confined to such habitats as church- 
walls and gravestones, whence they cannot easily be detached for 
examination. Probably a few of Relhan’s species are extinct; e.g. 
Lecanora lentigera. 

Abbreviations used below are: 


fel. = Relham’s Flora Cantabrigiensis, various edd. 
Le. = Leighton’s British Lichen-Flora. 
Cr. = Crombie’s British Lichens (vol. 1.). 
LUH. = Larbalestier, Lichen Herbarium. 
LRC. = Larbalestier, Lichenes Rariores circa Cantabrigiam lecti. 


Rs. = P. G. M. Rhodes. 


Records apparently of more than 50 years’ standing are italic- 
ised. Records of Relhan’s given by Leighton are simply quoted 
as Rel. Records in Crombie, whatever their apparent origin, are 
considered as modern: when obviously from Larbalestier, they are 
given under the latter’s name only. 


Collema pulposum Ach. Rel. 
C. nigrescens Ach. Rel. 
C. fasciculare Ach. Rel. 
Collema cristatum Hoffm. 3 Rs. 
Collemodium microphyllum Nyl. LLH. 


C. Schraderi Nyl. 
Leptogium lacerum Gray 
Calicium *curtiusculum Nyl. 
C. trachelium Ach. 
Coniocybe furfuracea Ach. 
Trachylia tympanella Fr. 
Beomyces rufus DC. 
B. roseus Per. 
Cladonia alcicornis Floérke 
C. pyxidata Fr. 

yv. chlorophea Flork. f. lepido- 

phora Florke 

C. fimbriata Fr. 
C. furcata Hoffm. 

v. spinosa Hook. 


3 Fleam Dyke Rs. - 
Cr 


Oakington LLH. 
Rel. 

5 Rel. 

Rel. 

Rel. 

4 Rel. 

3 Gogs Rel. 

Rel.; 3, 4, 6 Rs. 

3 Devil’s Dyke Rs. 


el., 3 Cr., 4, 6 Rs. 
3 Rel. 
3 Gogs Rel., Cr.; Fleam Dyke, ete. 


. 
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C. pungens Flirke 

f. foliosa Floérke 
C. coccifera Schaer. 
Cladina uncialis Nyl. 
Ramalina farinacea Ach. 
R. fraxinea Ach. 
R. fastigiata Ach. 
R. pollinaria Ach.? 
Usnea florida Ach. 
U. ceratina Ach. (= “ plicata ”) 
Alectoria jubata Nyl. 
Cetraria aculeata Fr. 
Evernia prunastri Ach. 
Parmelia perlata Ach. 
. saxatilis Ach. 
. suleata Tayl. 
Borreri Tayl. 
caperata Ach. 
. acetabulum Dub. 
. exasperata Ny]. 
. subaurifera Ny]. 
. fuliginosa Nyl. 
. physodes Ach. (f. labrosa) 
Stictina limbata Nyl. 
Lobaria pulmonaria Hoffm. 
Solorina saccata Ach. 
Peltigera canina Hoffm. ? 
P. spuria Leight. 

P. polydactyla Hoffm. 
Physcia parietina De Not. 
f. cinerascens Leight. 

P. polycarpa Ny]. 
P. lychnea Ny]. 
P. ciliaris DC. 
P. pulverulenta Ny]. 
v. subvenusta Nyl. 
P. *pityrea Nyl. 
P. *tenella Nyl. 
P. aipolia Nyl. v. cercidia Nyl. 
P. cesia Nyl. 
P. obscura Ny]. 


bh Rd A A AG 


P. ulothrix Nyl. v. virella Cr. 


3, 6 Rs. 

3 Hildersham Rs. 

Rel. 

3 Gogs Rel. 

el., Cr., 1, 5, 6 Rs. 

Rel., 5 LRC., 6 Rs. 

Rel., 5 Cr., LRC., 3, 5, 6 Ks. 

1 Rs. : 

fel. 

Fel. 

Rel., 4 Cr. 

3 Rel. 

Rel., Cr., 3, 5 Rs.; common. 

Rel. 

Rel., 3 Rs.1 

203.4 Ks. 

1, 3 Bs. 

fel. 42 Cr., 5 Rs, 

2 Rs. 

te ges MT ed 438 

Wimpole Park LLH. 

3% 5 Rs. 

Rel., Cr., 4 Rs. 

G. Bentham, ap. Le. 

4 Rel. 

fel., ap. Le. 

Rel., Cr., 6 Rs. 

3 Cr. 

Rel., 3 Cr. 

Rel., LLH., LRC., 1, 2, 3, 6 Rs. 

2, 3, 6 Rs. ; frequent. 

3 LRC., LLH., Rs. 

1 Trumpington Rs. 

Rel., LLH. 

Rel., LRC., 1, 2 Rs., 5 Cr. 

Rel., LLH., 2 Bs. 

fel., 1, 3 Rs. 

LLH., LRC., 3 Rs. 

1 Coe Fen Rs. 

In Cambridge LLH. [Near New- 
market LRC.] 

1 Rs. 3’ LRCS Ce. 


In Coe Fen (1) associated with P. parietina, and gives the tee 


reaction with K. 


P. adglutinata Nyl. 
Lecanora hypnorum Ach. 
L. lentigera Ach. 


3 Rs., 4 LLH. 
3 Rel. 
3 Gogs Rel., Cr. 


with a History of its chief Botanists. 


L. saxicola Ach. 

L. murorum Ach. 
v. corticola Nyl. 
. *decipiens Nyl. 
. callopisma Ach, 
teicholyta Ach. 

. laciniosa Nyl. 

. vitellina Ach. 
medians Ny]. 
citrina Ach. f. corticola 
aurantiaca Ny]l. 
*hematites Ny]. 


PPP PPR 


. cerinella Nyl. 

pyracea Nyl. 

luteoalba Nyl. 

phlogina Ny]. 

*calva Nyl. 

colobina Ach. 

circinata Ach. 

galactina Ach. 

subfusca Nyl. 

v. campestris Nyl. 

allophana Nyl. 

Parisiensis Nyl. 

rugosa Nyl. 

*chlarona Nyl. 

albella Ach. 

. angulosa Ach. 

crenulata Nyl. 

Hageni Ach. 

sulphurea Ach. 

varia Ach. 

. symmictera Nyl. 

var. aitema Ny]. 

L. atra Ach. 

L. calearea Somn. var. Hoffmanni 
Som. ? 

L. parella Ach. v. Turneri Nyl. 

Pertusaria globulifera Ny]l. 

P. amara Ny]. 

P. communis DC. 

Urceolaria scruposa Ach. 


Pre Sree er ee Ree rr Fir 


U. *bryophila Nyl. 

Lecidea decipiens Ehrb. 

L. ostreata Hoffm. 

L. flexuosa Fries, var. eruginosa 
Boor. 
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1 Rel. 

1 Rs. 

Gt Wilbraham LLH. 

1 LUH. 

3 Quy Church LLH. 

1 LUH., Cr.; frequent, Le. 

3 LLH., 62 LRC. 

Rel., 2, 3 Rs. 

1 LLH. 

Wimpole Park LLH. 

Rel. 

3 Cherry Hinton LRC. (and Le.). 
Bottisham LRC. 

Near Cambridge Cr. 

LLH. 

LLH., LRC. 

LLH., LRC. 

3, 4 Rel. 

Cr. 

Clare Bridge etc. Rel., Cr. 

VER. 12 Bs: 

Rel-t, VaAGH., 15 3s: 


3) ate 

LLB, ERC 1,3 hes. 

LLR., 2 Rs. 

omiss 

l,-3 fe. 

LLH., LRC. 

Rel., LLH.; 1 Fel. 

1,3 Rs; 4 LORE 

4 LLH. (named L. symmicta). 
4 LLH. 

Rel., LLH., Cr.,3 Rs. (corticolous). 
Gogs fel, (lichen Hoffmanni), 


Fel., Cr. 
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. quernea Dicks, 

sanguinaria L. 

. parasema Ach, 

coarctata Sm. 

fuscoatra Ach. 

. canescens Dicks. 

. myriocarpa DC. 

f. chloropolia Fr. 

f. saprophila Ach. 

L. vesicularis (= ceeruleonigricans) 
Lightt. 

L. Ehrhartiana Sch. 

[L. diluta Pers. 

L. incompta Bor. 

L. alboatra Hoffm. var. epipolia 
Ach. 

L. sabuletorum Flk, 
[f. minor Larbal. 

L. premnea Ach. corticola 

L. rubella Ehrh. 

L. muscorum Sw. 

L. truncigena Ach. 

Opegrapha atra Pers. 

O. Turneri Leight. 

O. vulgata Ach. 

O. herpetica 

Anthonia Swartziana Ach. 

A. astroidea Ach. 

A. pruinosa Ach. 

Graphis scripta Ach. 

Endocarpon hepaticum Ach. 

Verrucaria rupestris Schrad. 

V. nigrescens Pers. 

. calciseda DC. 

V. gemmata Ach. 

V. nitida Weig. 

V. hymenogonia Nyl. 

V. 

Str 


call call all al ol als 


< 


Mortarii Arn. 
igula Babingtonii Berk. 
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5 Rel. 

Rel. 

Rel., 3 Rs. 

Rel. 

Rel. 

Rel., 1, 2, 3, 4, 6 Rs.,. 54 
i, 2,3; 0 bs 

Ae Fri = ret a i 

3%, 4 LLH. 

3 Rel., Le. etc.; Rs. 


Rel. 

Near Newmarket. Qy in county ?] 
LLH. 

1 Rel., 3 Rel., LLH. 


LRC. 

Near Newmarket LLH.|] 
Cheveley Park LLH. 
Near Cambridge LLH. 
LRC.; 3 Re., 6 Rs 
LLH. 

3 Rs. 

LLH. 

Rel., LH. 

Teversham Rs. 

3 Rs. 

LLH. 

Rel. 

Rel. 

3 Rs., Salwey. 

3 Rs. 

6 Rs. 

3) 1a 

Anse 

Rel. 

Newmarket Heath LLH. 
3 Quy Churchyard, Larb. ap. Le. 
Cambridge, Bab. ap. Le. 
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It has usually been supposed in investigations on the nature 
and motion of an ion in a gas that its nature varies with the 
temperature but is constant at constant temperature, and formulae 
for the velocity of the ions have been obtained on these and 
additional suppositions. But it follows from thermodynamical 
and other considerations that the nature of the ion must be con- 
tinually changing at constant temperature. The formation and 
breaking up of an ion cluster is governed by the same laws as 
those which govern the formation and dissociation of a molecule 
in a gas, the only difference is that in one case the cluster of 
atoms is held together by chemical attraction while in the other 
by chemical and electrical attraction, but the nature of the forces 
of attraction does not affect the general nature of the course of 
changes the cluster undergoes. We know that there is no per- 
fectly stable chemical system, every molecule must sometime get 
dissociated, and therefore has a finite life. The process is regn- 
lated to a certain extent by the magnitude of the heat of formation 
of the molecule, the law of mass action, and the laws of thermo- 
dynamics. The association or dissociation products in a mass of 
matter may of course in some cases be comparatively small, but 
nevertheless the process of dissociation and association is con- 
tinually going on. Thus for example in a mass of water vapour 
a number of molecules are dissociated every second into hydrogen 
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and oxygen molecules, and these again combine to form water 
molecules. But the mass of hydrogen and oxygen existing at 
any instant is at ordinary temperatures a very small fraction of 
the total mass of water vapour. When however the temperature 
is raised the amounts of the dissociation products are greatly 
increased. The same considerations apply to an ion in a gas; 
from which it follows that the extent of clustering of an ion is 
continually changing at constant temperature, and the same laws 
apply to the process as to the chemical association and dissociation 
in a gas. 

It follows therefore that the formulae deduced for the velocity 
of an ion in a gas on the supposition that it is stable do not 
represent the facts, and it is therefore desirable to investigate the 
average velocity and other properties of an ion whose nature is 
continually changing. 

Reasoning from the analogous case of chemical change the 
changes in the clustering of an ion may take place in the following 
way. When a free ion* in a gas collides with a molecule it may 
get attached to it, forming what we will call a cluster 1. When 
a cluster 1 collides with a molecule it may get broken up into its 
constituent simple ion and neutral molecule, or the molecule may 
get attached to the cluster forming a cluster 2. Similarly a 
cluster 2 on colliding with a molecule may form a cluster 3, or 
break up into a cluster 1 and a neutral molecule, or into the free 
ion and two neutral molecules, etc. Thus when a cluster of the 
nth kind collides with a molecule n+1 different things may 
happen. 

In an ionised gas at a high pressure—say atmospheric pres- 
sure—the number of ions in comparison with the number of 
neutral molecules is usually extremely small, and the number of 
collisions of the ion clusters with one another is therefore very 
small in comparison with the number of collisions with neutral 
molecules, and need not therefore be taken into account. When 
however the gas is at a very low pressure as in a discharge tube, 
the collisions between the clusters become of importance. In that 
case we might get clusters formed as a result of a collision having 
two or more free ions as nuclei. 

In formulating an expression for the velocity of an ion in a gas 
in an electric field we must therefore take into account that its 
nature is continually changing. We will now endeavour to obtain 
such an expression. Let ¢, denote the average life of a free ion 
in the gas under consideration, 4 that of a cluster 1, ¢, that of 
a cluster 2, and so on. Let v, denote the velocity of the free ion, 


* A free ion is an electrically charged particle without any molecules attached 
to it; in the case of the negative ion it is the electron. 
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v, that of a cluster 1, and so on. The average velocity V of the 
ion—the quantity usually measured—is then given by 


n 
V = Uptoty + V,b,Uy + VotoUe +... OF V=X VUgtyuUn, 
0 


where wu, denotes the number of times per second the ion is in the 
free state, and u, the number of times it forms a cluster 1, etc., 
Bre b= t,t, by tye sae 

The life of a cluster varies inversely as the pressure. Thus if 
the pressure be doubled, the number of collisions of each cluster 
with the neutral molecules is doubled, and its chance of break- 
ing up consequently doubled, and the life of each cluster is thus 
halved. It will be observed that therefore the relative values 
of t, the relative lives of the clusters, are independent of the 
pressure of the gas. 

The life of a cluster is obviously inversely proportional to its 
velocity, and therefore inversely proportional to the square root 
of the temperature. But its life must be affected by the tem- 
perature in an additional way. ‘The collisions of the clusters with 
the molecules become more violent with rise of temperature, and 
thus the liability of a cluster to get broken up during a collision 
is increased, Further a rise of temperature probably affects the 
chances of a change in the nature of the clustering of the various 
clusters in a different degree. 

The values of wu, are proportional to the pressure, for if the 
pressure be increased n times the time of a cycle of clustering 


: : shal , 
through which the ion passes is - of the previous value, and 


therefore it passes m times oftener in a given time through the 
cycle than previously. It follows therefore that at constant 
temperature t,w&, 1s independent of the pressure. Along the 
same line of reasoning it can be shown that w, is proportional 
to the velocity of the cluster and therefore proportional to the 
square root of its temperature. But u, is affected in addition to 
this by the temperature in a similar way to the life of an ion. 

The velocity v of a stable ion depends on the pressure; from 
the kinetic theory of gases we would expect it to vary inversely 
as the pressure. We would also expect it to be independent of 
the temperature provided the density is kept constant. The 
average velocity V should thus according to the above equation 
vary inversely as the pressure. But this will hold only under 
certain conditions which will be discussed later. 

Let us now consider the special case in which clusters 1 only 
are formed to any appreciable extent in the gas. Suppose n, free 
ions are converted per second into clusters 1; m clusters 1 will 
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then be converted per second into free ions. The concentrations 
c¢,, and c, of the free ions and clusters respectively are therefore 
given by tym =, 4 = G. The truth of these equations will at 
once appear from the following considerations. Suppose no clusters 
1 exist at the beginning of the transformation of free ions into 
clusters 1. After a time ¢,, the clusters 1 will begin to be trans- 
formed into free ions at the same rate; equilibrium of the con- 
centration is then reached, being given by 4n,=¢,. Similarly the 
other equation can be established. Consider an ion passing 
through a cycle of clustering. It will be evident that wp», the 
number of times an ion becomes a cluster n per second, is pro- 
portional to n,, the number of clusters forming or breaking up 
per second, or u,=n,a. Since 1=t,u,+4% we have 


1l=a(tn+hm)=a(q+a) 
1 
c— ; 
Co + 


The equation for the average velocity of the ion may then be 
written 


or 


id 
V =(cyt) + C21) 1) 


=(ny+— 
Oot ( Co Cy 
if 2s 

ae : 


Tt can be transformed into one free from the ratio = Van ’t Hoff- 
0 


has deduced the equation 


d =) i, 
—,, (log —) = 7, 
= G Yh 

where c, and ¢, are the concentrations at the temperature 7’ of 
two different systems obeying the law of mass action, and H, is 
the heat of transformation or change in potential energy in 
calories per gram molecule of either of the constituent systems 
when the system 2 changes into system 1. 

This equation reduces the previous equation into the form 


_| 4 ar 
V=(u +4. Ja ) a 
= aes 
1+A,e 


where A, is a constant depending only on the nature of the cluster. 
This equation shows how the velocity of the ion in a gas whose 
density is kept constant depends on the temperature. 

The quantity H,—the energy necessary to move the simple 
ion or electron from the cluster to infinity—may be a function of 
T the temperature. But it will probably vary little with the 


Velocity of an Ion in a Gas. 289 


temperature. Supposing it not a function of 7 the above equation 
becomes 
as 1 
Ee (we? +0,A,) ee 
A,t+e 


A superior limit of the value of H, can be obtained. The 
energy necessary to move an ion away from a cluster to 
infinity we may take for granted cannot be greater than the 
energy to make a pair of ions, viz. about 3x 10 ergs. Since 
there are about ECTS 10s 3°12 x 10® molecules of hydro- 
gen in one gram molecule, the value of H, must be less than 

ls <102 <3 10 ai : 
42x 107 = 24 x 10® cal. 
It is however probably of the same order. It should be observed 
that the value of H, increases with the size of the atom or molecule 
to which the electron is attached. 

Let us next consider the velocity of an ion in a gas when any 
number of different kinds of clusters can be formed. It can be 
easily proved that in general t,n,=Cn, where t, denotes the life 
of a cluster of the order n, c, the concentration of the clusters 
per c.c., and n, the number undergoing a change per second. 
Since 7, clusters change per second one cluster will change during 


eae! : 
the time ae Since each of the clusters changing has existed as 
n 


: 1 
a cluster n for a time ¢,, there must be ¢, / 3 clusters per c.c. to 
) 


: : aaa ul me 
provide for a change of one cluster during the time oe and this is 
n 


the concentration Cy, or Cn = tym. We have then 

V = Volo tly + Vt ,Urt VgtoUet ...; 
where Lo — Cre 1 ay haa) — Gx, CLe., 
where m) denotes the number of free ions changing into clusters 
per second, and n, the number of clusters 1 changing into other 
clusters and free ions per second, and n, the number of clusters 


2 changing into other clusters and free ions per second, and so on. 
We have further u,= an, uw, = an, ete., and 


L=huy+hmyt...=a(hmt+tmt+...)=a(qtot...). 
The above general equation for the velocity now becomes 
1 
cr ee 
tt eg eee 
% C% 
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This equation may be transformed in a similar way as before, 
and we have 


( [ue [eer ) 
V= Vp + V, Aye + % A,e fase 


if 
H H 
qa at [rier 
1 + Aye +A, e ei 


where H, denotes the energy of formation of a cluster 1 from 
a free ion and a neutral molecule, H, the energy of formation of 
a cluster 2 from a free ion and two neutral molecules, and so on, 


and A,, A,,..., are constants. The variation of the velocity with 
temperature depends thus on the variation of the quantities 

H, - (i, 

Vi > T? LK OF 


with the temperature. 

It is of interest next to find a relation, should such exist, 
between the quantities m, ,,.... Let us first consider the 
special case in which a cluster can only form a cluster of the 
next higher order or become a free ion. The free ion can only 
change into cluster 1, and therefore n,=n,. Let the fraction % 
of the number of clusters 1 changing per second, be converted 
into clusters 2, the rest being then converted into free ions. 
Therefore n,= 7. The fraction a, depends on the average nature 
of the collision of a cluster 1, which depends on the nature 
of the cluster and surrounding molecules and their temperature: 
It does not seem possible to express a in a simple way in terms 
of these quantities. Of the number of clusters 2 that change per 
second, let a,(a,n) be converted into clusters 3, where a is a 
fraction, the rest being converted into free ions and clusters 2. 
Thus 7; = 0%; and generally we have 


Nim = %m—1%m—2 +++ GN, 


where ”,, denotes the number of clusters of the mth order changing 
per second into other clusters. Since a, @,..., can only be fractions, 
the value of n,, decreases with an increase of the value of m. 
The equations for the concentrations of the clusters thus become 


toMy =Coy EM =Cy, bo NM =—Co, fA.) = Cz, etc. 


Thus we see that if the life of each kind of cluster were the same, 
the concentrations of the various clusters in the gas would decrease 
with their complexity. But the more complex the cluster the 
greater is its liability to get broken up on collision and conse- 
quently the shorter is its life. In general then the concentrations 
Cy, C, Cz.+., would decrease very rapidly in magnitude in a gas. 
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Further, the more violent the collision of a cluster with a molecule 
the less becomes the chance of a cluster of a higher order being 
formed. Therefore the higher the temperature the more rapidly 
the fractions a, a, ..., will decrease relatively to one another. 
A temperature therefore exists at which there are comparatively 
few clusters, and we are then practically dealing with the simple 
ion. Such a state is reached by the ions in a flame, as indicated 
by the enormously greater velocity of the negative ion in a flame, 
than that obtained at ordinary temperatures in air. 

Let us next consider the general case in which the cluster 
may change into one of the next higher order, or into any cluster 
of a lower order or free ion. The process of change of the various 
clusters into one another is indicated for two cases by diagrams, 


in one case the cluster of greatest complexibility is 2 and in the 
other 3. It follows directly from the diagrams that in all cases 
nm free ions are converted per second into clusters 1. The number 
of clusters 1 changing per second must be equal to the number 
forming, and n, is therefore equal to n, plus the number of clusters 
of higher order transformed per second into clusters 1. Thus we 
see that in general n,>m. It will also be evident from the 
diagrams that n,, the change per second per c.c, of the clusters 
of greatest complexibility, must be a fraction of n,_;, or in general 
ig > Mn. 

Let us apply this result to the special case in which only 
clusters of the first and second order are supposed to be formed. 
We have then n,<7,>n,. Therefore if the lives of a free ion 
and a cluster 1 and 2 are equal to one another, it follows from 
the equations connecting tm, %m, and Cm, that the concentrations 
of the clusters 1 is greater than that of the free ions or clusters 2. 
But the life of a cluster 1 is probably greater than that of a free 
ion, for we would expect it to be easier for a free ion to attach 
itself to a molecule on colliding with it, than a cluster 1 to attach 
itself, or get broken up into the free ion and neutral molecule. 
Its life is also probably greater than that of a cluster 2, because 
we have assumed that a cluster 2 is saturated with molecules, and 
is therefore more liable to get broken up on collision than a 
cluster 1. The concentration of the clusters 1 may therefore be 
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much greater than that of the clusters 2 and that of the free ions. 
The average velocity of the ion may in this case therefore be 
approximately that of the cluster 1. 

It will be of interest to express n, and n, in terms of nm and 
the fractions expressing the proportions in which m, clusters n 
change per second into other different clusters. Suppose a7, of 
the clusters 1 changing per second are converted into clusters 2, 
and £,n, converted into free ions, and suppose 7,8, of the clusters 2 
changing are converted into clusters 1 and n,@; into free ions. 
n free ions per second will always be converted into clusters 1. 
The number of clusters changing per second is equal to the 
number being formed, which gives one equation on considering 
the free ions, and two equations for every cluster. The equations 
in the case under consideration are 


M=MPi+MP3, M=M+M%R, M=%MG4+NMA,, 
Ny =™%%; Nz = Nz Bz + NBs, 
No Ny % 
1—B,% 1— 6,4," 

fraction we have 1 < n, >n., a result we obtained in a general way 
before. The equations in the case when the cluster of greatest 
complexibility is greater than 3 can be easily obtained in the 
same way, but pussess no special interest. 

Since the velocity of translation of a molecule increases with 
the temperature the probability of a cluster getting broken up on 
collision increases with rise of temperature. The values of the 
as thus decrease and those of the 8s increase with increase of 
temperature. A study of the diagrams then shows that the value 
of n» for a cluster m must in general decrease with rise of tem- 
perature. And since the value of t, also decreases under these 
circumstances, the value of ¢,, rapidly decreases with rise of 
temperature. The average velocity should thus in general in- 
crease with rise of temperature. 

The larger the cluster round an ion the less will its mass 
depend on that of its nuclei. The clustering will thus have 
the etfect of making the average velocity of ions having different 
nuclei lie nearer to one another in value than the velocities of the 
simple ions. 

If y»=v,=v,=..., that is if the velocity of a stable system 
through a gas is independent of the mass of the system, it follows 
from the above equation that the average velocity is independent 
of the temperature. But since it has been found that the velocity 
depends considerably on the temperature, the velocity of a stable 
system must depend both on its own mass and on that of a 
molecule of the surrounding gas. This would also follow from 
considerations based upon the kinetic theory of gases. 


trom which we obtain 1, = , and 2,= Since a, is a 
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A sudden change in velocity of an ion with increase of tempe- 
rature would indicate a sudden change in the values of 


Hee es, OF Oy aGant as 


The quantities H,,, %, will change simultaneously, they will in 
fact increase or decrease simultaneously, since the former denotes 
the energy necessary to break up the cluster m and the latter its 
chance of not getting broken up during a collision but forming 
a cluster of a higher order. Now H. A. Wilson* found that the 
velocity of the ions in a flame changes very suddenly at a certain 
temperature as the temperature of the flame is increased. It 
follows therefore that the forces which hold a cluster together 
may undergo very sudden changes with the temperature. These 
forces probably consist of the attraction due to electric induction 
and the chemical attraction between the molecules. This point 
is of special interest in connection with the effect of temperature 
of chemical attraction. The writer has investigated this subject t 
and obtained some evidence that the chemical attraction of a 
molecule depends on its temperature. 

If the velocity v of a stable ion varies inversely as the pressure 
the average velocity given by the above equation will also vary 
inversely as the pressure. But this will only hold if the distance 
over which the velocity is measured is greater than (¢)¥) + 4% + ..-) 
or X0"tm¥m, Supposing the ions begin their journey as simple ions. 
When the distance is less than that, the clusters of higher order 
will have less chance of forming than those of lower, for a cluster 
1 can only be formed after a time ¢, during which the ion has 
moved over a distance ¢,v,, and a cluster 2 can only be formed 
after a time (t,+¢,) during which the ion has moved over a 
distance (t,¥)+%2,), etc. The average velocity will thus be 
greater than that under normal conditions, since the velocity of a 
cluster increases with decrease of complexity. Experiments have 
shown that the velocity of the negative and positive ion varies 
inversely as the pressure of the gas down to a pressure of a few 
mm. of mercury, below this pressure the velocity of the ion 
increases more rapidly than that given by this law. Since the 
velocity of the simple clusters of the negative ion very likely have 
a greater velocity than those of the positive ion, the deviation of 
the average velocity of the negative ion from varying inversely as 
the pressure will be larger than in the case of the negative ion, 
and this has been found to be the case. The pressure at which 
the inverse pressure law for the velocity begins to break down is 
of interest and importance, for we then have d= ¥,"tnUm, where 
d is the distance over which the velocity is measured. The life ¢ 


* Phil. Trans. Roy. Soc. A, 1909, Vol. cxcvu. (1901). 
+ Phil. Mag. January, 1911, pp. 93, 94. 
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of an ion is inversely proportional to the pressure of the gas, and 
so is very probably the velocity wv of a stable ion, therefore d from 
the above equation is inversely proportional to the square of the 
pressure. It decreases therefore very rapidly with increase of 
pressure. An interesting set of experiments could be carried out 
on the value of d for different gases. 

The change in the clustering that the ions in a gas undergo 
produces under certain conditions a lagging effect in the motion 
of some of the ions. Thus if a number of ions are made at the 
same instant at a point in a gas under an electric field they will 
not arrive simultaneously at another point along their path. The 
ions begin their life as free ions, but arrive at the second point as 
free ions and clusters of various orders, and hence will have taken 
different times to travel over the distance between the two points. 
When a number of ions in a gas begin their life as free ions the 
time taken for the concentrations of the various clusters to become 
constant is theoretically infinite: in practice, however very ap- 
proximate constancy of the concentrations is probably reached in 
a very short time. If the ions are under the action of an electric 
field when they are produced the concentrations of the clusters at 
a distance ud from the point from which they begin their motion 
are independent of the pressure of the gas, where w is any given 
constant. The quantity d, it will be remembered, is the mini- 
mum distance in a gas within which each kind of cluster has a 
chance of being formed and depends on the pressure. It follows 
therefore that the distance from the starting point of the ions 
within which the concentrations of the various clusters becomes 
practically constant, decreases with decrease of d. When this 
distance is small in comparison with the distance over which the 
velocity is measured there is little lagging of ions. It is therefore 
at low pressures only, when d is comparatively not very small, that 
this effect becomes appreciable. ‘This result is of imterest in 
connection with measurements of the velocity of ions in which an 
alternating electric field is used. If the ions are stable the region 
they traverse under the field is sharply defined, and does not 
change with time. If, however, the clusters are continually 
changing in magnitude the region traversed is not sharply defined. 
Each ion does not necessarily go through the same cycle of 
clustering, thus a cluster 2 on colliding with a molecule may 
become a cluster 3, or a simple ion, or a cluster 1, and thus the 
average velocity of each ion is not the same. But the maximum 
difference in velocity that can exist between two ions will only 
become appreciable in magnitude at low pressures. The effect of 
this would be to make the velocity apparently increase with 
decrease of pressure, as the velocity of the quickest moving ion is 
actually measured, and this is what has been observed. This 
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experimental result is thus evidence of the unstable nature of the 
ions in a gas. 

When the pressure of a gas is low and the ions are under the 
influence of an electric field, the formation and breaking up of the 
clusters may possibly be affected by the field. This would cer- 
tainly be the case when the velocity given to a cluster by the field 
is comparable with the velocity of translation of a molecule, for 
this would have the effect of greatly increasing the violence of 
a collision and causing that fewer clusters of high complexibility 
are formed. ‘The field may also have the effect of completing the 
partial separation of the simple ion in a cluster from its associated 
molecules during a collision of the cluster. If such an effect exists 
the average velocity of an ion for unit intensity of electric field 
should depend on the intensity of the field used. The experiments 
that have been carried out on the velocity of ions show incidentally 
that it is independent of the intensity of the electric field over 
the range of fields used. But it is very likely that this does not 
hold for fields of great intensity, with which experiments have not 
yet been carried out. 

We will now endeavour to find an expression for v, the velocity 
of a stable system in a gas. A number of formulae have been 
developed on the assumption that a collision wipes out the 
previous history of an ion. But this assumption is far from 
representing the actual facts. This will appear at once from 
considering the motion of a heavy molecule in a light gas. The 
moving molecule will never be brought to rest by a collision in 
this case, the effect of the surrounding molecules being to reduce 
its velocity intermittently. 

But it is difficult to formulate an expression for the velocity, 
because we know so little about the real nature of a collision. 
Perhaps the most trustworthy expression is obtained by combining 
Townsend’s equation for the diffusion of ions with Maxwell's 
equation for the diffusion of one gas into another as Sir J. J. 


dies: DNe 
Thomson has done*. Townsend’s equation is V=——, where 


V denotes the velocity of an ion and D its coefficient of diffusion, 
N denotes the number of molecules per e.c. and p their pressure, 
and e the charge of an ion. Maxwell regarded the molecules 
simply as centres of force, and supposed the force between two 


molecules to be given by er where B is a constant depending on 


the nature of the molecules and z is their distance of separation. 
This law led to the equation 


* Camb, Phil. Soc. Vol. xv. Pt 4, p. 375. 
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where D denotes the coefficient of diffusion of a gas 1 into a gas 2 
whose partial pressures are p, and p., and densities p, and p,, and 
P=P.+p2, 7m and m, denote the molecular weights of the gases 
and A aconstant. When the number of molecules 1 is small in 
comparison with the number of molecules 2 we have p=pn. 

P 


Pe R 2 : 
Writing & = and p,="2"" and combining the equations we 


I gow 
pi Mm, pee ee i 
rit ET 1 
~ A pomym, B ig 


M,Mz (Mm, + M2) 


obtain 


Vy 


e 
where q may be put equal to a constant K. 


We will suppose that the motion of an ion through a gas is 
regulated by the forces of attraction between the ion and the 
neutral molecules. An expression for B may then be obtained 
from the following considerations. The attraction of a charge e 
ea? (27? — a?) 
where f is the distance of the charge from the centre of the 
conductor whose radius is a. The writer has brought forward 
some evidence that the atom is spherical in shape, and if we 
assume that it is a perfect conductor of electricity, this expression 


gives the attraction between a charge e and an atom. When / is 
: : : : 2¢a8 
large in comparison with a the expression becomes ——, the 


by a spherical conductor of electricity is given by 


attraction varying then inversely as the fifth power of the distance 
of separation of atom and charge, and Maxwell’s equation is 
therefore applicable. When considering the attraction between 
an ion and a neutral molecule we may neglect the chemical 


; eae? 2a? 
attraction, and the attraction is then given by ee The volume 


of an atom, which is proportional to a’, is according to Traube* 
proportional to Vm, where m is the atomic weight, and B is 
therefore proportional to “m, or in the case of a molecule pro- 
portional to £Vm. The equation for the velocity now becomes 
yan, ZR frat 
Mz P2 \ ™M. =Vm 


where K, is a constant. 


* Phys. Zeit. October 1909, p. 667. 
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If the ion and the neutral molecule in a gas are of the same 


ee a If the mass of the 
pom (~Vm)2 
ion is large in comparison with that of the neutral molecule the 


eet foc . Thus the velocity of the stable 
P2My? (=Vm)z2 
ion depends very little on its mass when it is greater than that of a 
molecule of the gas through which it moves. We have seen that 
the change in the clustering of the ion has the effect of making 
the average velocity of two different ions lie nearer to one another 
in magnitude than those of the simple ions. The average 
velocity of two ions, the masses of whose nuclei ions are not 
smaller than that of a neutral molecule, might therefore in 
practice be the same. 

This result is interesting in connection with some experiments 
of A. Blanc* and Wellish+ on the velocity of ions in different 
gases. Both these experimenters found that the positive ion 
made from a molecule passes through a gas of molecules of smaller 
mass with the same velocity as an ion made from one of the 
molecules of the gas. Wellish explains these results by supposing 
that a transfer of the electric charge from one molecule to another 
takes place during a collision, so that on the average we are 
dealing with the same kind of nuclei. It appears, however, that 
this result could also be produced in the way explained. On the 
whole it follows that the results on the velocity of ions cannot be 
interpreted with certainty since we are dealing with a statistical 
effect. 

When the free ion is smaller than the neutral molecule of 
the gas, as is the case with the negative ion, the velocity is given 

0 6 ii aa | 

by V= 5 ae 

pam, (2Vm)2 
velocity of the ion varies much more with its mass in this 
case than when its mass is larger than that of a molecule of the 
surrounding gas. But the average velocity of an ion cluster pro- 
bably does not depend much on the mass of the free ion or simple 
cluster, as is the case when the free ions have a greater mass 
than that of a neutral molecule. For the change in potential 
energy when a cluster is formed is probably greater in the former 
case than in the latter, and the life of a free ion thus increases 
with its mass, or the greater the velocity of an ion the shorter is 
its life. On the whole the average velocity of two different ions 
whose nuclei are smaller in mass than that of a molecule of the 
gas through which they pass may therefore not ditfer more from 


* C. R. cxtyu. July 1908, pp. 39—42. 
+ Roy. Soc. Proc. Ser. A, uxxxu. July 31, 1909, pp. 500—517. 


mass the velocity becomes 


velocity becomes 


where m, is the mass of the ion. The 
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one another than the velocities of two ions whose nuclei have a 
greater mass than that of a molecule of the gas. However, a 
difference in velocity, if it exists, would be more apparent in 
the former case than in the latter. No experiments seem to have 
yet been carried out to see whether the velocity of anion depends 
on the mass of its nuclei when this has a much smaller mass 
than that of a molecule of the surrounding gas. 

The equation for the velocity of a stable ion shows that if the 
temperature is kept constant the velocity varies inversely as the 
pressure, a result we assumed in a previous part of the paper. 

K (m.(m,+ = ome 
p: | mB 

see then that if the density of the gas is kept constant the velocity 
is independent of the temperature. The variation of the average 
velocity of an ion with temperature observed by Philips, who 
found that the velocity is approximately proportional to the 
epee must be due to the variation of the quantities 
H,, H,..., with the temperature, which appear in the equation 
for the average velocity of an ion. 


The equation may also be written V = 
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The Heat of Combustion of a Molecule and its Chemical 
Attraction Constant. By R. D. Kireman, B.A., Emmanuel 
College, D.Sc. (Adelaide), Mackinnon Student of the Royal Society ; 
and Clerk Maxwell Student of the University of Cambridge. 
(Communicated by Mr A. Wood.) 


[Received 11 July 1911.] 


In previous papers the writer has deduced from surface tension 
and latent heat data the law of attraction between molecules that 
corresponds to the attraction which is large in comparison with 
sravitation for small distances of separation of the molecules. 
According to this law the attraction between two atoms is pro- 
portional to the product of the square roots of their atomic 
weights. The square root of the atomic weight of an atom was 
called its attraction constant. The attraction constant of a mole- 
cule is approximately equal to the sum of the attraction constants 
of its atoms. It is very probable that the law obtained holds for 
closer distances of separation of two atoms or molecules than 
the distance of separation of the molecules in a liquid. The 
attraction represented by the law would then be the only one 
operating when chemical combination takes place. If that 
is the case we would expect that relations exist between the 
chemical quantities connected with substances and the attrac- 
tion constants of the atoms of their molecules. Such relations 
exist; we have already pointed out a number in a_ previous 
paper*. Further relations will be given in this paper. It should 
be mentioned that these relations can only as yet be found by 
trial; the relations given in this paper, relating to the heat of 
combustion of a molecule, have thus been obtained. 

It was found that the heats of combustion of the hydro- 
carbons are approximately proportional to 5 /myc, which denotes 
the sum of the square roots of the atomic weights of the atoms 
of a molecule, and is therefore its attraction constant. This is 
shown by Table I which contains the ratios of the heats of com- 
bustion H, to the quantity }Vmyo. It will be seen that this 
ratio 1s approximately constant. Its mean value is equal to 29°5. 
The serious deviation from constancy in the case of ‘Acetylen’ may 
be due to a partial polymerization of its molecules, in which case 
=Vmyo would have to be multiplied by a factor corresponding to 
the extent of the polymerization, which would reduce the ratio to 
its proper value. 

The heats of combustion given in this paper are taken from 
Landolt ‘and Bérnstein’s Tables, 3rd edition, and are expressed in 


* Phil. Mag. December, 1910, pp. 905—921. 
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kilogram calories. The names of the substances are in German, 
as the considerable labour of looking up the exact English equi- 
valents was thus avoided. It should cause no inconvenience as 
the substances will easily be recognised by their German names. 

It is remarkable that the above property of the H and C atoms 
persists in all compounds of H and C atoms with other atoms, 
which is brought out by subtracting quantities from the heat of 
combustion expressing the effect of the additional kinds of atoms. 
Thus in all compounds of H, C, and O atoms that were examined 
it was found that 

fies BO 29°5 approximatel 
where = myc denotes as before the sum of the square roots of the 
atomic weights of the H and C atoms ina molecule, and n the 
number of O atoms it contains. This is shown by Table II, which 
contains substances representing the mon- and multi-atomic 
alcohols, carbohydrates, phenols, aldehydes, ketones, basic and 
oxy-acids. 

The effect of the O atom on the heat of combustion as far 
as this relation is concerned is thus equal to — 50°7, and 50°7 
must therefore be added per atom to the heat of combustion to 
obtain the effect due to the H and C atoms. 

Table III contains compounds whose molecules are made up 
of H, C, N, and O atoms. In the case of the amido-acids, acid 
amido compounds, and nitrile acids, and the uric acid group, 
we have 

H,+n50°7 + m5 


=V mac 


where m denotes the number of nitrogen atoms in a molecule. 
This relation is borne out by the third and sixth column of the 
table. It will be seen that the effect of the O atom in a molecule 
is the same as in a molecule containing only H, C, and O atoms. 
The effect of a N atom is equal to — 5, and is thus small in com- 
parison with that of an O atom, viz. — 507. 

The nitro derivatives in the table do not fall into line with 
the other compounds. In their case we have 

Heres 2s 29°5 approximately, 
> V myc 

where r denotes the number of NO, groups in a molecule. If we 
assume that an O atom has the same effect in these compounds as 
in those considered previously, which is very likely, we obtain 
that the effect of a N atom is equal to 80°3. This is numerically 
much larger than when the N atom occurs in one of the compounds 


= 29°5 approximately, 
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just considered, and is of a different sign. The equation for the 
nitro derivatives may accordingly be written 
H,+750'7 —m803 
> Vmuc 
In Table IV compounds are given whose molecules contain 
N atoms only besides H and C atoms. The relation 
H.—m73 
= V mu 
holds for the amines. It will be seen that the effect of a N atom 
in these compounds is different from that in the compounds con- 


sidered previously, but on the whole it is small. 
The relation 


= 29°5 approximately. 


= 29°5 approximately 


holds approximately for the cyanides in the table. There is thus 
a considerable difference between their behaviour and that of the 
amines. 

Table V contains some chlorides, bromides, and iodides. The 
heats of combustion of the chlorides in the first part of the table 
are subject to the relation 


Heck ghee = 29°5 approximately, 


= V mu 
and those in the second part to the relation 
eee 29°5 approximately, 
Sie, 
where ¢ denotes the number of Cl atoms in a molecule. The 
effect of a Cl atom in the latter case is thus about half that in 


the former. 
In the case of the bromides we have 
eee 29°5 approximately, 
= V mac 


where uw denotes the number of Br atoms in a molecule. 
For the iodides we have 


H,-—w94 
= Vmuc 
where w denotes the number of I atoms in a molecule. 
The effects of the atoms Cl, Br, and I on the heat of com- 
bustion of compounds of the same type are respectively — 13°6, 


— 5°8, and 9:4, and thus increase algebraically with the increase of 
atomic weight of the atoms. 


= 29-5 approximately, 
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|. The thio-alcohols given in Table VI fall into two groups. For 
the first group in the table we have 
H,— 8136 
= V mac 
where s denotes the number of sulphur atoms in a molecule. For 
the second group we have 
Ho aict = 
= Vu 
The effect of an atom of sulphur on the heat of combustion in the 
latter case is thus about half that in the former. 
The first part of the second column of Table VII contains 
some carbon dioxide derivatives. The heat of combustion in this 
case is subject to the relation 


H, — si87 +65 = 29°5 approximately. 


= 29°5 approximately, 


29°5 approximately. 


= Vmuc 
It will be seen that the values of the effects of a Cl and S atom on 
the heat of combustion are the same as some of the values found 
previously. 

The first part of the first column of the table contains some 
acids which contain Cl and I atoms in the molecule. It was 
found that 

H,+n507 +0136 — w9'4 © 29-5 caprecnnceely 
= V Myc 


applies to them. The effect of a O, Cl, and I atom in the com- 
pounds is thus the same as that in some of the compounds we have 
already considered. 

There are afew additional compounds of a complex nature which 
fall under the chemical groups considered in this paper, but which 
do not fit in with other compounds in the above way. They are 
so few in number and so diverse in character that the laws they 
obey cannot yet be formulated. 

A comparatively large number of the urea derivatives do not 
fit in with the compounds already considered. Thus ten of the 
compounds given in Table VII fit in with the relation 

H.+n507 +m5—s136 

= Vmuc 
but the rest do not. It does not seem possible to obtain another 
relation to fit the remaining compounds or some of them, but each 
seems a special case. The heterocyclic compounds given at the 
end of the table fit in, however, with the results already obtained. 

The deviations of compounds in behaviour from the group 
to which they belong are of great interest, in connection with 


= 29°5, 
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stereo-chemical considerations. The grouping of the atoms of a 
molecule in space must be intimately connected with the heat of 
combustion, and therefore with the relation appertaining to it. 
When more data are available to admit of a further extension of 
the results obtained, they should lead to results of importance in 
this connection. It will be found of interest to compare the results 
in this paper with those obtained in a previous paper*. 

The relations in this paper can be transformed into a form in 
which the denominator of the fraction is the sum of the square 
roots of the atomic weights of the atoms in a molecule, or is the 
attraction constant of the molecule. The value of the fraction is 
not altered by adding to the numerator and denominator quan- 
tities proportional to each of them respectively, and the relation 
in the above form is therefore obtained by adding 29:5 Vm, 
to the numerator and = Vm, to the denominator, where 5 Vm, 
denotes the sum of the square roots of the atomic weights of the 
atoms in a molecule besides the H and C atoms. For example, 
the relation 

H,+n507 _ 


= 
= Via 


which applies to compounds containing H, C, and O atoms, may 
be written 
H.+n507+29'5nV4 _ H,+n1097 _ 49. 
Dec. Sine 


where © Vimiyco is the attraction constant of a molecule. 

We can also deduce by the help of these relations formulae 
for the heat of formation of compounds. Take for example the 
hydro-carbons. Suppose that # grm. molecules of O, enter into 
combustion with a grm. molecule of a hydro-carbon, causing the 
formation of y grm. molecules of water and z grm. molecules of 
CO,. The numerical values of 2, y, and z can of course at once 
be obtained from a consideration of the chemical formula of the 
hydro-carbon. And let A, B, and C denote the heats of formation 
of a grm. molecule of O,, H,O, and CO,, respectively. The heat 
of formation Hy, of a grm. molecule of the hydro-carbon is then 
obtained from the equation 


H,+a2A—yB-—2C = H,, 
and therefore 
Hy=29°5S Vimy, — 2A +yB + 20. 


If A, B, and C are known the value of H, can thus at once be 
calculated for each hydro-carbon. 


~~ Toc. Cute 
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Tapin IV: 


Name of substances (in German, taken from 


Landolt and Bérnstein’s Tables) 


Amines 


Methylamin 
Di methylamin 
Athylamin 
Trimethylamin 
Di athylamin 
Tri athylamin 
Benzylamin 
Anilin ee 
Phenylhydrazin 
Azobenzol ... 
Hydrazobenzol 
Methylanilin 
| Di methylanilin 
| Di athylanilin 
_ o-Toluidin ... 
Di phenylamin 
p-Phenylendiamin 
Tri phenylamin 
Benzidin 


Cyanides 


Blausaure ... 
Acetonitril 
Propionitril 
Benzonitril , 
_ Toluylsaurenitril ... 
| Cyan She 
Malonitril ... Z 
Bernsteinsiurenitril 


ZZ 


1@) o 
boy oo Foto 
wey AZ 


Oe 
AZZ 


| H,- m73 | 


7 ——_ | 
= /mac | 
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TABLE V. 
Name of substances (in German, taken from H H,+¢136 
Landolt and Boérnstein’s Tables) = = /muc 
Chlorides 
Methylchlorid .... = a CH.Cl 176°9 29°5 
Chloroform — Ss ae CHCl, 107-0 30:09 
Chlorathyl... Be me So, MOA 334°1 29°16 
Athylenchlorid ae ; ent Sees 296°4 29°63 
Monochlorathylenchlorid _ =y,- » Met CL. 262°5 30°57 
_ Monochlorathylen wd i HCI 298-3 29-60 
| Propylchlorid ae ne. s) ICA) 492-4 29°12 
Chloraceton #4 m1 BeL 453-9 29:37 
Monochlorpropylen | EA Le CA) 453-4 30°37 
_ Isobutylchlorid ... a2 acs | GL 650-1 29-06 
- Phynylechlorid —... me 3° DOHC | 1638 30°18 
H,+c65 
> mac 
Tetrakohlenstoff ... #. Si CCl, 75°9 29°5 
Perchlorathylen ... BS As C,Cl, 1951 31:94 
Eds 
Bromides > /mxc 
I” Methylbromid = a. =. <> CHSBr |» 164nmeee 
| Athylbromid me = 22), JC] HPEr 341°8 29-16 
_ Propylbromid as ee i. Ogi Be 499°3 29-07 
| Allylbromid ee ere Ree OE 5 i Ee 462°1 30°42 
| H,- w9-4 
| Lodides > /muc 
Methyleniodid .... ome sis CHLL 178-4 29:23 
_ Iodoform ... ae Be Be CHI, 161-9 29-98 
_ Athyleniodid ae ae Se Cows 324-9 28-03 
_ Propyliodid és ip ee CHI 514°3 29-05 
| Allyliodid a me, ae C,H,I 4783 30°49 


J odbenzol ae es ae C,H,1 710-7 | 29°56 


[os 
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TaBLE VI. 
Name of substances (in German, taken from H H, Shey 
Landolt and Bérnstein’s Tables) e > r/ mac 
Thio alcohols 
Ethylsulfhydrat ... oct. WORHEES 517°2 29°5 
Ethylsulfid awe GA SLES) 829°6 29-09 
Allylsulfid sith og (Oebsa, LO68"1 30°30 
Amylsulfhydrat ... wait CGS 992-0 29-21 
Amylsulfid sok sol OSE So, LT oek 28°96 
“H,—s78°T 
= /myc 
Methylsulfid oy: tt CHS | 298-8 29°5 
Di methylsulfid ... f= ype) 40-3 29-3 
Di athylsulfid as «Calis 102-2 29°16 
TaBLeE VIL. 
Name of substances (in German, taken H H,+n50°7+¢13-6 —w9°4 
from Landolt and Bornstein’s Tables) c > /muc 
Acids 
Chloressigsiure ... C,H,ClO, | 171-0 28°83 
Trichloressigsiure ... C,HCl,O, 92°8 29°68 
o-Jodbenzéeséure ... C,H,IO, 769-6 29°46 
H,+n50°7 +65 — 78:7 
CO, derivatives Dy tine 
Phosgen __... ae COCI, 41:8 | 30°49 
Kohlenstofoxysulfid COS,| 131-0 29°27 


Schwefelkohlenstoff CS, 265-1 31:13 
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TaBLE VII (continued). 


| 
| Name of substances (in German, taken H 
from Landolt and Bérnstein’s Tables) e > ./muc 


H,+n50°7 + m5 — 8136 


: 
| Urea derivatives : 
Harnstoff ... IC ELON. 152-2 28°54 : 
Thioharnstofft os | WEN 342°8 29°07 i 
Guanidin ... sa CH,N, | 247°6 29-85 
Monophenylharnstoff C,H,ON, | 880-0 29-12 
Diphenylharnstoff ... C,;H,,ON, | 1612°8 29°36 
Hydantoin .. J: (COAIN.O, }-. 311-9 28°15 
Barbitursaure ... C,H,N,O, | 353-4 28-86 
Unarnai’s, . J. iJ. CHEN,O,. |... 379-0 28-98 
Alloxan. j5 2 > (AHNLOp | 21G» 27°39 
Murexid .... eo CHE NOS I” (door 30°02 
Guanidin nitral CH,N,.NO,H | 207°8 | 39°63 
Nitro guanidin ... CH,N,O, | 210°3 | 44-46 
Carbaminsiuresammon CO,N,H, 49°0 16°95 
Allantoin ... we, Chen, | £138 35°46 
Allxantit ... ~€,H,N,O}7 HO | 584-7 37°44 


H,+n50°7+m5 


Heterocyclic compounds | > J/ingc 
Pyridin ae 2: « CEN | 26-1 29°82 
Pipiridin . OsH,N | 834-7 | 28-23 
Coniin ee 2 “C,H N | t2aibro © 28°39 
Chinchinin ... snip Eg NOK) 2Oa0 = at 29°43 
Gass 1. C,,H,,H,0, | 2663-7 | 29-05 

| persue 
= /muc 
Chinlin’ ... .... O,H,N | 1123 | 29-25 
Pyrrol s,s, | 1568-1 29°77 
Jodol Ae 3) Hae ated 30-87 
Indol ee) CAL Aes | 30°35 
| Hetrata 
> /muc 
Dioxindol ... ... C,H;NO,| 915-7 28-67 
ian... -. 1CHLNO, | -867-8 28-97 
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On the Origin of Spectra. By FRANK Horton, M.A., St John’s 
College. ; 


[Read 22 May 1911.] 


In a paper recently communicated to the Royal Society*, the 
author has given an account of some experiments with mercury 
vacuum tubes which show that mercury is capable of giving 
several distinct line spectra when rendered luminous by an 
electrical discharge. The particular spectrum appearing in any 
given case depends upon the energy of the discharge in relation 
to the mass of vapour through which it passes. The spectrum 
most easily produced consists of five bright lines, but as the 
energy of the discharge is increased other spectra, recorded in the 
paper, make their appearance in turn. Reasons can be given for 
thinking that these more complicated spectra are due to the 
formation of definite electronic systems, which are practically 
unstable new substances formed from the normal mercury atoms 
by the passage of the discharge, and that they are not due merely 
to different modes of vibration of the electrons in some one system 
such, for instance, as the mercury atom. 

In many respects mercury appears to be an ideal substance to 
use for investigating the origin of spectra. Its vapour is mona- 
tomic and can be rendered luminous in several ways: by the 
electric arc, or spark, or by the vacuum tube discharge. This 
latter may be produced (a) by an induction coil discharge with 
variable capacity and self-induction in the circuit, (b) by means of 
the low potential discharge from a glowing lime cathode, (c) by 
electro-magnetic induction in the electrodeless ring discharge. 
Under these different conditions a continuous spectrum, a band 
spectrum, and spectra with different numbers of bright lines may 
be obtained. 

As the result of a careful investigation of the spectrum of 
mercury, Stark} has concluded that mercury possesses two distinct 
line spectra, that given by the arc im vacuo and that given by a 
vacuum tube discharge. These he identifies as being due to 
monovalent and to divalent atoms—atoms which have lost one 
and two electrons respectively. Stark’s views on the origin of 
spectra may briefly be summarised as follows: 

(1) Continuous spectra are due to freely moving electrons, 
the accelerations of which are continually being changed. 


* Roy. Soc. Proc. 1911. 
+ Stark, dnn. d. Phys. xvi. 1905, p. 490. 
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(2) Line spectra are due to the vibrations of the electrons 
contained in the positive ions, all the lines of a series being due to 
the same source ; but a single positive ion may be the source of 
several series of lines at the same time. 

(3) Band spectra are due to electrically neutral bodies, and 
are formed in the act of combination of the negative electron with 
the positive ion. 

In addition to the conclusion that mercury should have two 
distinct line spectra, Stark also holds that there should be two 
distinct band spectra, one formed by the combination of a divalent 
positive ion with a negative electron to form a monovalent ion, 
the other produced when the monovalent ion unites with another 
electron to form a neutral atom. 

These views of Stark have been criticised by W. Wien*, who, 
from observations of the effect of a magnetic field on canal rays 
formed in various vapours and gases, has eome to the conclusion 
that the carriers responsible for the line spectra are neutral atoms, 
and that the vibrations producing the luminosity are caused by 
the recombination of negative electrons with the positive “re- 
mainder atoms.” This is the view which is, I think, supported by 
the result of my recent observations of the spectra of merenry 
under different electrical conditions. In the paper already referred 
to five distinct line spectra are recorded. These, I think, are due 
to the recombinations of remainder atoms of different “electric 
atomic weights” with the appropriate number of negative electrons 
to form neutral systems. These systems are probably not similar 
in all respects to the atoms of the unionised gas, but are less 
stable arrangements of positive ions with one or more negative 
electrons revolving round them—each system being electrically 
neutral. The periods of these systems would depend upon the 
arrangement of the electrons around the central positive ion. 
There would be different equilibrium positions and consequently 
several possible periods from any one system. These would be 
affected by a magnetic field in such a way as to account for the 
Zeeman effect. 

The fact that compounds always give banded spectra would 
seem to indicate that these are due, not to electrons, but to the 
vibrations of larger bodies. Since they produce light of the same 
wave length, these larger bodies must be under the influence of 
more intense forces, which suggests that they are not separate 
atoms, but systems of atomic dimensions vibrating inside the 
molecule itself. On these views of the origin of line and of band 
spectra we should expect that a gas or vapour consisting solely of 
molecules in a normal condition would give a band spectrum, a 


* Wien, Ann. d. Phys, xxx, 1909, p. 349. 
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conclusion which is borne out by the fact that the absorption 
spectra of such gases always consist.of bands. In the case of the 
vapours of the alkali metals, which give line spectra, we have 
molecules which are not in a “normal” condition, as is shown by 
the abnormal conductivity of these vapours. ; 

To obtain the emission spectrum of a gas we have to render it 
luminous by an electric discharge, and the effect of this is to ionise 
the molecules and to alter the composition of the gas. Electrons 
are set free, positive ions are produced, and, by the collisions 
of these, vibrating systems are formed which radiate the energy of 
the spectrum lines. This difference in the composition of the gas 
is clearly shown by the experiments of Ladenburg* and of Pfliiger+ 
on the absorption of light by hydrogen. These experimenters could 
get no absorption of light by the gas in the normal condition, but 
found distinct absorption of the red and other lines when light was 
passed through a long tube containing the gas at a pressure of a 
few centimetres, conveying an electric current. Evidently these 
lines are due to something which does not exist in the gas in the 
normal state, but is produced in it by the passage of the discharge. 
Similar results have been obtained with mercury vapour. The 
absorption of this was first investigated by Lockyert, and later by 
Strutt§; neither observer was able to obtain any absorption in 
the luminous spectrum, but more recently Wood|| has shown that 
there is absorption in the ultra-violet. That ionised mercury 
vapour does produce absorption has been demonstrated by Kiich 
and Retschinsky{], and also by Pfluger**. The method consists 
in having two mercury arc lamps placed one behind the other, and 
in measuring the percentage absorption of the light from the first 
lamp in passing through the second, in the case of certain definite 
lines of the visible spectrum. The results showed that ionised 
mercury vapour possesses the power of absorbing those rays which 
it emits, whereas the vapour in the normal condition produces no 
absorption. 

We thus see that ionised gases and vapours contain electronic 
systems which are not present in them in the normal state. These 
systems are the “molecules” of new substances formed from the 
original gas or vapour by the passage of the electric discharge. 
T call them “new substances” because it is probable that they 
possess chemical properties different from those of the original 


* Ladenburg, Deutsch, Phys. Gesell. Verh. x. 14, 1908, p. 550. 
+ Pfliiger, Ann. d. Phys. xx1v. 3, 1907, p. 515. 

¢ Lockyer, Roy. Soc. Proc. xx. 1874, p. 374. 

§ Strutt, Phil. Mag. vt. 1903, p. 76. 

|| Wood, Astrophys. Jour, xxv1. 1907, p. 41. 

“| Kiich and Retschinsky, Ann. d. Phys. xx11. 1907, p. 852. 

** Pfliiger, Ann. d. Phys, xxiv. 3, 1907, p. 515. 
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substance. A simple experiment due to Dr H. Brereton Baker* 
shows that ionised mercury vapour has at least one different 
chemical property from mercury vapour in the ordinary atomic 
condition; for if oxygen is allowed to enter a mercury lamp 
immediately after the current has been cut off, it is found that 
a considerable quantity of mercuric oxide is formed, although the 
temperature is much lower than that at which mercury vapour in 
a normal condition combines with oxygen. 

The recent experiments of Sir J. J. Thomson+ have shown that 
the carriers of positive electricity in a vacuum tube are often more 
complex than the original gas or vapour through which the dis- 
charge is passing. Thus in the case of oxygen gas, carriers of 
positive electricity with “electric atomic weights” 8, 16, 32, 48, 
and 96, have been discovered. The first of these corresponds to 
the atom of oxygen with two positive charges, O,,; the second to 
the atom with one positive charge, O,; the third to the oxygen 
molecule (O,),; the fourth to the molecule of ozone (O;),; and 
the fifth to (O,),.. The vibrations of each of these positive ions 
may give rise to luminous radiation, or this may come from 
neutral systems formed by collisions with electrons. The vibra- 
tions of these neutral systems would, on Wien’s theory, give 
rise to spectrum lines. On the other hand we should expect 
that if the vibrations of the carriers of greater “electric atomic 
weight” give rise to luminous radiation, its spectrum would consist 
of bands, and it is well known that bands, especially in the green, 
are the characteristic feature of the spectrum of oxygen at low 
pressures. At higher pressures the bands are not so marked, which 
is the result to be expected, for the more frequent collisions would 
tend to prevent the formation of complicated molecules. 

In the case of mercury vapour Professor Thomson has detected 
positive carriers with electric atomic weights of 800, 200, 100, and 
66, corresponding to (Hg,),, Hg;, Hg;,, and Hg.,,, respectively. 
As in the case of oxygen, it seems probable that it is the vibrations 
of large atomic aggregates such as (Hg,) which are the origin of 
the band spectrum observed by Eder and Valenta}, Huff§ and 
others. If Wien’s view is correct it is the carriers of smaller mass 
which, by their collisions with free electrons, form the systems 
producing the various spectrum lines, and the different line 
spectra which the author has observed are probably due to the 
different neutral systems formed. More energy would be required 
for the formation of a positive ion with three charges than for the 
formation of an ion with two charges or with unit charge, and so 


* Baker, Nature, Lxxxtv. 1910, p. 388. 

+ Thomson, Phil. Mag. xxt. 1911, p. 225. 

+ Eder and Valenta, Denkschrift. Wien. Akad, x1. 1894, p. 401. 
§ Huff, Astrophys. Jour, x11. 1900, p. 103. 
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the neutral systems containing positive ions with the smallest 
electric atomic weights would be the last to be formed as the 
energy of the discharge is increased. Since these systems contain 
the largest number of oscillating electrons, they are capable of 
producing the greatest number of spectrum lines; so that we 
should expect the spectrum with most lines to be formed when 
the discharge contains the greatest amount of energy. This is in 
agreement with the experimental results, for the “many lined 
spectrum” of mercury is obtained when a heavy discharge with 
capacity in the circuit is passed through the vapour at a low 
pressure. 

Since a definite minimum amount of energy may be expected 
to be required for the production of any one form of positive ion, 
it follows that the corresponding neutral system, and the lines to 
which it gives rise, will appear when the energy is increased up to 
that value, and it is this which makes it possible to obtain several 
distinct spectra with quite definite changes from one to the other 
as the electrical conditions are gradually altered. The new 
spectrum is not at its best when first visible, but the new lines 
get brighter as further change in the conditions of the discharge 
increases the number of systems emitting them. If the conditions 
of the discharge are such as to form several types of radiating 
centres at the same time, the spectrum contains the lines due to 
all of them. The “many lined spectrum” observed by the author 
contained al] the lines of the other spectra with the exception of 
five in the red and orange regions, which were sometimes seen, but 
were not visible when the spectrum was at its best. 
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The positive ionisation produced by phosphates when heated. 
By Frank Horton, M.A., St John’s College. 


[Read 22 May 1911.] 


In a paper recently communicated to the Society*, the author 
described some observations of the rate of discharge of positive 
electricity from sodium phosphate when heated in different gases 
at various pressures. The results of these experiments led to the 
conclusion that the gas molecules themselves play an active part 
in carrying the current from the hot anode to the neighbouring 
cathode. 

In a recent number of the Philosophical Magazine+ the view 
has been put forward by Dr W. Wilson that the positive leak 
obtained when aluminium phosphate is heated upon platinum is 
due mainly to the platinum, and Dr Wilson states that he could 
detect no positive electrification from aluminium phosphate heated 
upon a Nernst filament. This result is difficult to reconcile with 
the original experiment of Sir J. J. Thomson? whereby the large 
positive leak from hot aluminium phosphate was first detected. 
In that experiment the phosphate was heated, not upon platinum, 
but upon a thin sheet of mica covering a porcelain tube, and very 
large quantities of positive electricity were given off. Professor 
Thomson used many different salts in his experiments and found 
that, whereas all the phosphates gave a large positive electrifica- 
tion. metallic oxides as a class gave a large excess of negative 
electricity when heated in a similar manner. It would therefore 
appear that the property of discharging positive or negative 
electricity belongs to the substance itself and not to the material 
used to support it during ignition. 

The author has been continuing his observations on the 
positive ionisation produced by phosphates when heated, using 
the apparatus described in his former paper with lithium phos- 
phate substituted for sodium phosphate. Observations have been 
made of the positive leak from lithium phosphate in air, in oxygen, 
in carbon monoxide, and in hydrogen, at pressures between 0 
and 30 mm. of mercury, under a saturation voltage of 40 volts, 

* Horton, Proc. Camb. Phil. Soc., Vol. xv1. 1911, p. 89. 


t+ Wilson, Phil. Mag. v1. Vol. xx1. 1911, p. 634. 
t Thomson, Proc. Camb, Phil. Soc., Vol. x1v. 1906, p. 105. 
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the observations in each case being made with the phosphate 
at 800° C.—the standard temperature of comparison used in the 
experiments with sodium phosphate. It was found that the 
positive ionisation produced by lithium phosphate in air is of 
about the same magnitude as that from sodium phosphate under 
similar conditions. The effect of substituting other gases for air 
was also of a similar nature to that found with sodium phosphate. 
The leak in oxygen was about the same as that in air; carbon 
monoxide increased the leak considerably, and there was a still 
further increase on replacing this latter gas by hydrogen. 

In each gas observations were made at different pressures, a 
series of observations being taken with both decreasing and in- 
creasing pressures. The gradual alteration of the pressure was 
greatly facilitated by having in connection with the apparatus a 
large vertical glass tube, which could be filled with mercury by 
raising a cistern of mercury attached by india-rubber tubing to 
its lower end. Starting with any gas at a high pressure and 
gradually reducing this, the positive leak was found to increase 
slowly at first, but afterwards more rapidly, until a pressure of 
maximum leak was attained, usually between 0:1 and 0°3 mm. of 
mercury, after which the leak fell off very rapidly as the pressure 
was still further reduced. With gradually increasing pressures 
the reverse order was obtained, but the maximum value of the 
leak was not reached until a pressure higher than that giving 
the maximum leak with decreasing pressures. The maximum 
value of the positive leak was about the same whether the 
observations were taken at increasing or at decreasing pressures. 
I think this hysteresis effect could have been eliminated, and the 
same current-pressure curve have been obtained at both increasing 
and decreasing pressures, if a longer time had been allowed before 
taking each reading so as to enable the hot phosphate to get into 
equilibrium with the new pressure of the surrounding gas, but to do 
this a series of observations would have occupied many successive 
hours. 

In the experiments with sodium phosphate the pressure of 
maximum leak was higher than in these experiments with lithium 
phosphate. The observations with the sodium salt were always 
taken at gradually diminishing pressures, for then I had not fixed 
up the arrangement I use now for gradually increasing the pressure, 
but the few observations which were made after letting a little 
extra gas into the apparatus showed no sign of the hysteresis 
effect found during the present experiments. A more complete 
set of observations at increasing pressures is needed to test this 
thoroughly, but it seems as if sodium phosphate attains equi- 
librium with the surrounding gas more quickly than lithium 
phosphate does. 


ad 
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The experiments with lithium phosphate heated in hydrogen 
have not yet been made as completely as I would wish, owing to 
the fine wires of the thermo-couple used to indicate the tempera- 
ture of the anode having bent together and short circuited inside 
the apparatus while the first series of observations with this gas 
was being made, but I have obtained evidence of a pressure of 
maximum leak with hydrogen, as with air, oxygen, and carbon 
monoxide. 

As recorded in my previous paper, a pressure of maximum 
positive leak was not obtained with sodium phosphate heated 
in hydrogen, but the current decreased continuously as the 
pressure was reduced from 20 mm. of mercury to a high vacuum. 
I am now inclined to think that the curve given for hydrogen 
(page 97) represents the final stage of the curves obtained with 
the other gases, and that experiments made over a greater range 
of pressures will show that, in hydrogen too, there is a pressure 
at which the positive leak from heated sodium phosphate has 
a maximum value. 
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The Transmission of Cathode Rays through Matter. By 
R. WurpprineTon, B.A., St John’s College. (Communicated by 
Professor Sir J. J. THOMSON.) 


[Recewved 5 July 1911.] 


It has been known for some time that cathode rays lose 
velocity on passing through matter—the change being greater 
for slow than for fast rays. This fact was established by 
Leithauser *, who however did not establish any definite law of 
transmission. A similar effect exists in the case of B-rays, but 
it is so very small that the first attempt to detect it was a 
failure +. 

Quite recently W. Wilson{ “has investigated the velocity 
change of 8-rays transmitted through matter with the object of 
discovering the law of velocity diminution. He found himself 
unable to distinguish with certainty between relations of the 


type 


and Da GL. Me cane nenn cosas trenene (2), 


where wv =the velocity of rays incident on a metal sheet of 
thickness a, 
Vz =the velocity of the rays transmitted through the 
sheet. 


Wilson came to the conclusion that (2) fitted his results 
rather better than (1), but his measurements are not accurate 
enough over a sufficiently wide range to decide. The (-rays 
used in Wilson’s experiments possessed initial velocity (v,.) ranging 
between 2°85 and 2°48 x 10” cms. per sec. 

The experiments of this paper are merely Wilson’s experiments 
carried out with cathode rays instead of §-rays. 

The apparatus used is shown in the diagram (Fig. 1). 

B and C are exactly similar brass cylinders (whose axes are at 
right angles to the plane of the paper) wound on the outside 
with thick copper wire in solenoid fashion§. When currents 
pass round these solenoids very uniform magnetic fields are set 
up within them and parallel to their axes. These currents are 
measured in both cases by the same Ammeter F' by use of the 
specially designed rocking-key K. The glass tube D is about 
3 cms, in diameter, and contains a magnetically controlled trolley 

* Leithauser, Ann. d. Phys. xv. p. 283. 

+ Schmidt, Phys. Zeit. v1. 1907, p. 361. 


t Wilson, Proc. Roy. Soc. uxxxtv. A, p. 150. 


§ The writer has previously described a solenoid wound cylinder of this type in 
Proc. Camb. Phil. Soc. 1911. 
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carrying various absorbing sheets. M and W are narrow parallel 
slits, 06 cms. wide and about 5 cms. apart. They serve to limit 
the rays diverging from the metal sheet just above M to a 
very narrow cone. A is a glass bulb fitted with a regulating 
cathode £. 

The bulb A, the solenoids B and C, and the tube D are all 
waxed together in the way shown in the diagram, the whole 
system being evacuated to something less than 1/100 mm. of 
mercury by liquid air and charcoal. 


Q 


S/S 


=| 


Fig. 1. 


The parallel beam of cathode rays from HL becomes split up 
into a “spectrum” on entering B, and only those rays which are 
bent through a right angle find themselves able to strike the 
absorbing sheet in D. The velocity of such rays is directly 
proportional to the current passing round the solenoid. 

Some of the cathode rays striking this metal sheet are 
diffusely reflected, some are stopped altogether, but very many 
are transmitted with diminished velocity. These latter rays are 
allowed to traverse the cylinder C (in the figure there is supposed 
to be no current passing). The current required in the solenoid 
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C to deflect these rays through a right angle is a measure of 
their velocity. We thus have the means of measuring both 
Y and vz. 

As has been pointed out in a previous paper, a solenoid so 
short as the one here used while largely concentrating the field 
within itself sets up a small but appreciable external field. Such 
a field can be easily balanced out by means of a suitably placed 
coil in series with the solenoid. In this case several such com- 
pensating coils are necessary, since there are two solenoids and 
two places A and D where their external effects have to be 
eliminated ; in addition it is necessary to compensate the field 
within B due to Cand the field within C due to B. When once 
this system of coils had been set up it worked quite satisfactorily 
and gave no trouble. 

It is clear from the comparison given below that greater 
accuracy can be attained with cathode rays than with B-rays, 
arising from the fact that it is possible to produce extremely 
intense cathode rays and so use very narrow beams. 


! 


|  B-rays Cathode rays 


MMnramMAS EL AS 0. SESS EE ed oe 153 cS 1 cm. 0:06 cm. 


Radius of circular path of deflected rays...) 3°5-cms. 10 cms. 


Experimental Results. 


Before actually giving a table illustrative of the results 
obtained, attention must be drawn to one or two points in con- 
nection with the measurements. When there is no screen above 
the slit V, magnetic deflection of the rays traversing the solenoid C 
reveals a sharply defined bright spot of the same width as the 
original undeflected one; moreover, when this spot is bent through 
a right angle the currents traversing B and C are both exactly the 
same. When, however, a thin sheet of metal is placed above V 
the spot when deflected is drawn out into a band showing that 
there are rays of all sorts of velocities in the transmitted beam ; 
there is, however, in most cases a marked maximum which can 
be measured fairly easily (Fig. 2). As w increases this trans- 
mitted maximum becomes more and more marked, being accom- 
panied with less and less continuous spectrum. It might be 
thought, therefore, that on this account it would be best to confine 
measurements to the higher velocity rays; it has to be borne in 
mind, however, that as vw increases v — v, becomes less, so that it 
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is necessary, in order to get really good measurements, to strike 
the medium and use a beam of incident rays fast enough to give 
a well-marked maximum, and yet not too fast for v, to approach 
indistinguishably near to uv, (see Fig. 2). It is possible, however, 
to make fairly good measurements over a range for v, of between 
4 and 9 x 10° cms./sec., using the thinnest metal leaf as absorber. 
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Fig. 2. 


On account of the difficulty of the measurements it is usually 
necessary to take the mean of a large number of measurements; 
the necessity for this will be obvious when it is pointed out that 
errors in v are magnified in testing a law involving a power of v. 
In the following table some results using a single thickness of 
copper leaf are given. It is clear that (v,‘— v,*) = Constant. 


TABLE I, 

V% V., (94 — v,:") 
5-31 x 10° 4°59 x 10° 3°51 x 10% 
6:12 x 10? 5-72 x 10° ayaa) se 110% 
6:94 x 109 6°66 x 109 3°50 x 108 
7-76 x 109 7°53 x 10° 3°80 x 10 
8°58 x 109 8°45 x 109 3:20 x 10% 


When different thicknesses of leaf are used it appears that the 
formula deduced by Sir J. J. Thomson®* is true: 


Vt — o— a.2. 
* Conduction through Gases, 2nd ed. p. 378. 


ce at stains Sn 
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It is not easy to test this very accurately however, for the fol- 
lowing reason: it is necessary to use very thin leaf with cathode 
rays of such moderate velocities as are here used, and it is 
usually found that such thin sheets, while of a uniform average 
thickness from sheet to sheet, vary from point to point in the 
same sheet. It is clear therefore that in order to determine the 
constant a with any accuracy it is necessary to make a great many 
determinations. 

The constant a has been determined with some accuracy in 
the case of aluminium. For this metal a= 7°32 x 10%. 

Thus the velocity v, of the cathode rays of initial velocity v, 
after passing through « cms. of aluminium is given by 


Ue = (1,4 — 732 x 10° x a)?. 

It is of some interest to see how this formula, which holds for 
cathode rays moving with moderate velocities, will bear extension 
to the case of A-rays. 

W. Wilson* has measured the diminution of velocity suffered 
by high-speed @-rays from radium on passing through ‘0245 cms. 
of Al. 

In the following table his results are compared with those 
resulting from an application of the cathode ray formula just 
given. 


TABLE II. 
: Vz | Vz 
"0 | (observed by Wilson) | (calculated from formula) 
2-565 x 10° 2°25 x 10” 2°24 x 10” 
2-735 x 10" ~'| °' 9-68 x 10" 2-48 x 10" 
2°818 x 10” 2274 oO 259. x 10% 


It seems, then, that the cathode ray formula bears extension 
to the case of 8-rays as fast as the slowest used by Wilson, since 
the agreement between the calculated value of v, and the observed 
is less than 1 per cent. 

I have to thank Sir J. J. Thomson for his kind interest in 
these experiments. 


* Loc. cit. 
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The Velocities of the Cathode Particles ejected by Characteristic 
Réntgen Radiations. By R. Wuippinaton, B.A., St John’s 
College. (Communicated by Professor Sir J. J. THomson.) 


| Recewved 5 July 1911.] 


It is now well known that metal surfaces exposed to the 
action of Rontgen radiation emit high speed cathode rays in 
addition to the various kinds of secondary Réntgen rays. As a 
result of the researches of Innes, Cooksey and others these 
secondary cathode rays are known to possess the following pro- 
perties :-— 

(1) Their velocity is independent both of the nature of the 
emitting metal and of the intensity of the stimulating 
Rontgen rays. 

(2) Their velocity is largely influenced by the quality of 
the stimulating X-rays, harder X-rays producing 
faster cathode rays. 

This preliminary note has to do with (2), the object being 
to show that by making use of the characteristic radiations of 
Barkla and Sadler greater precision can be given to it than would 
otherwise be possible. 

The experiment of producing secondary cathode particles by 
means of characteristic radiations and directly measuring their 
velocity while perhaps not impossible would be extremely difficult 
and indeed has not yet been successfully attempted. 

It is possible, however, to get some light on this question of 
variation of secondary cathode ray velocity with quality of X-ray 
from some absorption experiments carried out recently by Sadler 
and by Beatty. These two observers have quite independently 
investigated the way in which these cathode particles are absorbed 
by air. The interpretation of their results, however, is made 
difficult and rather uncertain by the fact that the coefficients 
they measure agree in only a few cases. 

For details of these experiments reference must be made to 
the original papers*. In their experiments various characteristic 
X-radiations were made to fall on a tertiary radiator and the 
absorption in air of the resulting cathode rays measured. Sadler 
found that an exponential law of absorption fitted his results; 
Beatty, on the other hand, assumed it in order to express his 
results in terms of some easily defined coefficient. Both observers 
therefore seem to be measuring the same thing. 


* See reference in Table I. 
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The coefficient \ they both tabulate occurs in the usual 

formula 

f= f.e 7 
in which 7= the energy of a stream of particles of initial 
energy Z,, after traversing « cms. of air. 

Now Beatty calculates X from the distance d (proportional to 
1/X) in air which his cathode particles had .to travel in order 
to dissipate half their initial energy. Thus if we regard the 
absorption of these particles as due rather to energy diminution 
than to decrease in number we can apply the relation of the 
previous paper and say that 

vi —t.vs=a.d 
[where v, = the initial velocity of the particles], 
1.e. 2 Vs* = a'/r, 
whence we have dX. v;4 = Constant *. 

If X is regarded as a measure of the diminution of number of 
the rays the evidence so far available goes also to show that 

rX. v4 = Constant. 

A comparison of the results of Beatty and Sadler can be made 
easily from the following table, consisting of values of X taken from 
their papers. 


TABLE I. 


| Secondary Radiator 
Tertiary Radiator 


| Fe Cu Zn | As Se | Sr | Mo | Ag Sn 


Iron (8.1) — | 37-0 | 35:8 | 30-2 | 26-4 | 21-5 | 15-8 | 8-84 | 6-41 


Silver (B.§) | 87-2.| 51-9 | 42-7 | 27-4; — | — | — | — | 3-97 


| 


Selenium (B.||) | — | — | — | — | — |16-1/14:0] 8-8 | 6:5 


It is clear from the above table that only in three cases (Mo, 
Ag, and Sn) are the two observers in good agreement. 

These three values of X are perhaps hardly sufficient to 
establish any law quite definitely. We see, however, that for 
these three types of ray the relation Xwt= Constant is true to 

* A more complete discussion of this and other points will be attempted in a 
future paper. 

+ Lenard, Wied. Ann. nvr. 1895. 

+ Sadler, Phil. Mag. March 1910, p. 347. 


§ Beatty, Phil. Mag. August 1910, p. 324. 
|| Beatty, Proc. Roy. Soc. 1911, p. 238. 
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an accuracy of a few per cent., w being the atomic weight of the 
secondary radiator. 


TABLE IT. 
| 
Secondary Radiator d (B.) | wt 
Mo 14:0 D9 x 2p 
Ag 8°8 1-20 x 10° 
Sn 6°5 116% LF 


On the assumption that Xv, = Const. we have the result that 
v,=k’.w; that is, the velocity of a secondary cathode ray is 
simply proportional to the atomic weight of the radiator supplying 
the characteristic X-rays. 

It is unfortunate that the data for the radiators of atomic 
weight less than Mo should be conflicting. It is to be noticed, 
however, that the numbers given by Sadler for the range Cu...Sr 
do not lead to a law similar to that for the range Mo...Sn; on the 
other hand, Beatty’s results lead to the same law over the whole 
range. 

ia the following table Beatty’s results are given, and the 
values of Aw* calculated from them show its approximate 
constancy over a very great range from Fe to Sn. The fact 
that the numerical value of Xw* is much less in this table 
than in Table II is due to the experimental differences in 2» 
(compare X for Sn in the two tables). A systematic source of 
error in either, of the right amount, would of course bring 
them together. 


TABLE III. 
| 
Secondary Radiator dr (B.) dwt 
Fe 87-2 "85 x 10? 
Cu 51-9 *85 x 10° 
Zn 42:7 15 < 
As 27°4 *86 x 10° 


Sn 3°97 *78 x 10° 
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We thus see that Beatty’s results lead to the relation 
V,=k' .w 


over the whole of his range, while Sadler's results lead to this 
law only in the case of radiations more penetrating than that 
from Mo. There is no very apparent reason for these 
differences. 

A short time ago the writer found an experimental law of the 
same form as the above as a result of some work on the production 
of characteristic Rontgen radiations *. 

The experiments alluded to were carried out in the following 
general way :— 

The velocity of the cathode rays within a specially designed 
X-ray tube was gradually increased until the radiation charac- 
teristic of some radiator placed outside the tube in the path of 
the primary Réntgen beam was just excited. By using different 
radiators it was found that the relation 

Vp =k .w 
held fairly closely over the range of radiations studied. 

In this formula / is a constant and v, is the velocity of those 
primary cathode rays which, striking an anticathode, emit X-rays 
just hard enough to excite the radiation characteristic of an 
element of atomic weight w. 

Now, in practice a homogeneous beam of cathode rays does 
not give rise to homogeneous X-rays, indicating that all the 
particles are not stopped in the same time or distance. It 
follows, therefore, that the above formula refers to those cathode 
rays which have been arrested in a time or distance shorter 
than the others. It will follow from the “fluorescence law” 
of Barkla and Sadler that the X-rays emitted by these quickest 
stopped particles (the hardest rays given out by the bulb) are 
indistinguishable from the characteristic radiation excited by 
them. 

This leads to a new and convenient way of defining a 
characteristic radiation :— 

The radiation characteristic of an element of atomic weight w 
is the same as the most penetrating rays produced by impact 
against a target of a stream of cathode rays moving with velocity 
y=k.w. 


Summary. 


The results of the preceding discussion are included in the 
following statement of the energy transformations occurring 


* Camb. Phil. Soc. Proc. 1911. 
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between the arrest of the parent cathode rays within a Rontgen 
bulb and the subsequent liberation of secondary cathode rays 
from a distant tertiary radiator. 
Primary Cathode Rays of velocity just greater than 
Vp=k.w 
give rise to 
Primary X-rays, 
which give rise to 
Secondary X-rays Characteristic of element of atomic 
weight w, 
which give rise to 
Secondary Cathode Rays (from any tertiary radiator) of 
velocity v, =k’. w. 

To complete these relations it will be necessary to determine 
the constant k’ (k has already been determined)*. 

I am at present engaged in experiments of this kind, pro- 
ducing secondary cathode particles by the radiation characteristic 
of Cu, and attempting to measure their velocity by magnetic 
deflection. 


* Loc. cit. 
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A Kinematical Theorem in Radiation. By R. HARGREAVES, 
M.A., St John’s College. 


[Received 24 May 1911.] 


The application of thermodynamical methods to the radiation 


within a closed space gives an adiabatic relation 6v* = constant con- 
necting temperature and volume, and at the same time gives a 
certain form to the energy function. Change of volume involves 
motion of the reflecting surface of the enclosure, and reflexion at a 
moving surface produces alteration in wave-length. To establish 
what is called Wien’s law of displacement, wave-lengths should be 
altered in the same proportion as the linear elements of the space 
concerned. It is the object of the present note to give the kine- 
matical theorem needed to make this step for an enclosure of any 
shape. Expansion is supposed to follow the same law 


a=2,(1+t/T) 
for each dimension. A statement of the thermodynamical argu- 
ment is prefixed, so as to present the whole argument to the reader. 
$1. In the equation of energy, 
GE = ObS = Pde. ioacct. suse+e av oomeen (1), 


d denotes a true differential, not merely a small quantity, and the 
total energy FH is a function of v and @. The relation of condition 
into which the entropy S does not enter is 
op _ 0H 
6 6 == aa slnjel si's|e/ai'a|c\ejelele/=\o(~iojele/sialelels (2). 


The distribution of energy within the volume is taken to be 
uniform, so that energy-content per unit volume is e= H/v; pressure 
is taken to be e/3 and then the relation (2) becomes 


oH oH 
6 6 — K=3v ay occ ceccecerecccscccceces (3). 
The solution of this equation is 
E = OF (Ov), say OF (a) .o0..ccceeesseeee (4a), 


and e=60F (x)/v=@F (x)/a or &f(x), where c= Ov® .. (4b). 
The functional form of S may be connected with that occurring 
in &, for 


6dS = dE + pdv =dE + Edv/3v 
= F(a) d0 + OF'(«)dxz + OF (x) (dxz/x — d6/6), 
or dS = F(x) dx + F (x)dx/z, 


or Looe al (x2) = = apd Ge Apeepode weer Peees (5). 
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Thus S is a function of z only, and the condition « or 6v® con- 
stant represents an adiabatic relation. In an adiabatic expansion 
energy 1s lost in virtue of mechanical work done by the pressure 
of radiation, and temperature falls; in the course of this change 
total energy varies as @, energy-content per unit volume as @4. 

If the same process is applied to two dimensions only, and p is 
written = #/2A where A is area, we have 


f= 6F (6A*), say OF (x); and e=@F(x)/2* = 6 f,(a)...(6). 
Or again if only one dimension is taken, with p= Z/l, we have 
E=6F(6l), say OF (x); and e=@F(«)/a=0/f,(z) ...(7). 


The connexion between S and F does not depend on the 
dimensions of the space, that between f and F does. In each 
case the adiabatic relation makes @ inversely proportional to a 
linear dimension for any process of uniform extension. 

If therefore wave-length varies as a linear dimension we may 


write @X for 6v* in the functional forms and put 


e= 047 (OA) or O47 (a) oz ize. cee (8); 


and if e,dd is element of energy-content per unit volume associated 
with wave-lengths between » and 2+ dh, then 


e= = =O /(a)=N ef (a) =n OO) 2 eee (9). 


If we set out from the conception of an element e,dX, then e is 

got by integration between limits, and is 
e=O{ f(a,)—f(m%)} or O{ fA8) —fA4)}. 

The use of f with a single wave-length presumes that we are 
dealing with a space containing energy of one wave-length, the 
other method that there is a continuous range of wave-lengths. 
The function @ was introduced by Wien, later theoretical and 
experimental work has been in close relation with that function : 
possibly fF or S might prove to be more convenient as the funda- 
mental function. 


§ 2. We now consider the connexion between changes in 
wave-length and in linear dimensions for an expansion 


X= a2, (1+t/T), 


confining ourselves first to the case of slow movement where ¢/7' is 
small for all times considered. The perpendicular from the fixed 
origin (taken within the space) on a tangent plane is lx + my +nz2, 
its rate of extension (lz, + my,+nz,)/T’, or the normal velocity is 
p/T; and the rate of expansion of volume {pdS/T=3v/T accords 
with the linear rate. 
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For the change in due to a finite number of reflexions we 
may write 
Ad _ X2wcost _ 22pcosi 


x V Vi 


The linear extension 


Ab 4 ts 
TP Vt ve 
where J is any linear dimension and &/ the sum of lines described 
AL 


F : Ar ; 
in the time ¢. Thus in order to make ais Vie aks 


Pap iW STo[s ea] BR eens cd ren ore: (10). 


This relation can be proved for any closed circuit in which a 
ray returns to an original starting point. Consider first a plane 
circuit ABCDA, from O draw perpendiculars OP on DA, OQ on 
AB, OM ov the reflecting surface AM, Mp on DA and Mq on AB. 
Then Pp=p cosi=Qq and Ap = Aq; and in every case 

2p cost = Pp + Qq + (Ap — Aq). 

The positive sign is required if P is to the rear of A in the course 
of the ray DA, the negative if P is in advance of A. The forms 
taken by the result are AP+ AQ, AP— AQ, and —-AP+ AQ; the 
negative sign occurs with AP if P is in advance of A, with AQ if 
Q is to the rear of A. The sum of corresponding elements of path 
taken in connexion with each reflexion is the length of the closed 
circuit. 

Next suppose the path not confined to a plane but still a 
circuit. Let 0’ be the fixed origin, O its projection on the plane 
of reflexion; OM is equal and parallel to the perpendicular from 
O’ on the tangent plane at A, and the result just given is applic- 
able for the reflexion at A. But at B the plane of reflexion may 
be altered, and we have to deal with O” the projection of 0’ on 
the new plane of reflexion which contains the line AB. This 
projection is made in the plane O0’OQ and the perpendicular from 
O” on the tangent plane meets AB in Q. Thus Q the forward 
terminal in the section of path used above is the rearward terminal 
in the section attaching to the reflexion at B, and this is the point 
needed to make the extension from plane space to space of three 
dimensions. 

The sum =p cos 7 is invariant for different positions of O, but if 
O were taken outside the space, or on the far side of any reflecting 
mirror, the corresponding perpendicular would have a negative 
sign; for that mirror would be approaching the ray, that is 
would be shortened, which corresponds to a negative value of p. 
For the type of motion considered an expansion estimated from 
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one fixed point O, is equivalent to the expansion from another 
point O together with a translation of O in the line O,0, for the 
multiplication of X,=a,+a by 1+2/T gives X=x+a+at/T, and 
a component of the velocity of translation of O is a/T. 


5 


3. For thermodynamical application infinitely slow motion is 
sufficient: but the kinematical theorem is true for a finite rate of 
expansion, with a proof slightly modified. We are to show that 
Ac: =Le:L, ratios referring to wave-length and any linear 
dimension LZ at beginning and end of cycle, in virtue of ratios 
written for each separate reflexion, of which the product is taken. 
In treating the reflexion at A it is necessary to consider the mirror 
AM in the position occupied at the moment of reflexion, and 
further the extension of the perpendicular from O on AWM is the 
only motion affecting wave-length at this reflexion. If the times 
ty, t+th, tH+t+4+4#, refer to the points PAQ, and p, p,, po are the 
lengths of the perpendicular at these times, or p, =a (1 + ¢,/T), ..., 
then with a/7’=w we have p,—p,=wh, po—pPi= Wt. Hence 
Po? Po = Pit Wty: p,— wt, is the ratio of any linear elements at 
times ¢, and t,+¢,+ 4, expressed in terms of the perpendicular at 
the moment of reflexion and the velocity affecting wave-length. 
As AP=Vt,, AQ= Vt, we require 
M2 = Vp, + wAQ: Vog— wAP, ....- oneeen (11) 
to be a consequence of the exact law of reflexion. This law is 
sin 7’: sint= V cos?’ +w:Vcosi—w 
=V+weos2: V—weost=N:X...... (12). 
But if 2 is the perpendicular from O on the normal at 4, 
AP=p,cosi—azxsini, AQ=p,cos?’+azsin?, 
and therefore 
Vp, + wAQ =p, (V+ w cos 7’) + wa sin’, 
Vp, — wAP = p,(V —w cost) + we sin 2. 


It is at once seen that (11) is satisfied in virtue of (12). The 
formula (11) is written for a position of O which places Q in 
advance of A and P to the rear of A in the course of the ray in 
the respective lines; the sign of AP must be reversed when P is 
in advance of A, that of AQ when Q is to the rear of A. The 
result reduces to that given above when w is small and 7’ is taken 
equal to 2. 

The position for a spherical enclosure is simpler because a 
single configuration is constantly repeated. Thus with O as centre, 
OQ perpendicular on a chord AB representing a ray, OP on the 
ray incident at A, the ratio 


OQ: OP =sin?’:sint =X: 2d. 
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The lines OP and OQ are not in one direction but they have 
corresponding positions in successive configurations, and their ratio 
may be taken as representative. But we may also take OB: OA 
as the ratio. Thus with OA =a,, OB=a,=a,+ wt, the triangle 
OAB gives 

(a, + wt)? = V2? — 2V ta, cos v’ + a,°, 


V cos’ +w 2a,(V cost — w) 
or 2 ane 
V2 —w? V2 —2Vw cosi+ w? 
36 3 a, (V? — w?) 
ae Oy ak Ol = 8 Vig con oP 
os  V+tweost V2—-w at a, _ 
: » V—weost V2?—2Vweosi+w’ Gal 


The time from A to B is not the same as from P to Q. To 
find the angle OBA or 2, the next angle of incidence, we have 


a? = V2 + (a, + wt) — 2Vt (a + wt) cos &, 
or t( V2? —2Vw cos 2, + w*) = 2a, (V cos 2, — w), 


which on comparison with the previous value in terms of cos2 
gives 7,=1, that is angles of incidence and reflexion are repeated. 
The angle at the centre is given by 


1+ cos AOB = 2V? sin? 2/(V? — 2 Vw cos2 + w’). 


What is the significance of the circuit in this connexion? Two 
events are to be connected, an expansion proceeding continuously 
and a reflexion-effect occurring at intervals, not necessarily equal. 
For small motions each reflexion-effect corresponds to the expansion 
during a definite interval of time. If there is a cycle the total 
reilexion-effect in the cycle agrees with the expansion in the 
period of the circuit, and there is no element of indefiniteness. 
If there is no cycle, there still exists an exact correspondence 
between the two effects, provided the choice of points for start and 
terminus of time is made for any group of reflexions as in the 
theorem. At times corresponding to positions between the per- 
pendiculars, now one now the other effect may be in excess, in the 
long run they agree. Thus, for the purpose of application to 
Wien’s law of displacement, the distinction between rays following 
cyclic and acyclic paths appears to be of little moment. 
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A Study of the Radium Emanation contained in the air of 
various soils. By JOHN SATTERLY, D.Sc. (Lond.), M.A., St John’s 
College. (Communicated by Professor Sir J. J. Thomson.) 


[Received 26 July 1911.] 


In previous papers* the author has published results obtained 
for the amount of radium emanation contained in the air and in 
certain waters. Since the source of all this emanation is the 
emanation given off by the radium in the soil it was thought 
advisable to conclude this research by a study of the emanation- 
content of the air that could be withdrawn from the soil. The 
actual radium-content of various rocks and soils has been measured 
by many observers and has been found to be about 1°4 x 10-” gm. 
of radium per gm. of rock. The results of the experiments 
described below show that only about one-seventh of this amount 
is required to supply the emanation that can be withdrawn from 
the ground by suction; the rest of the emanation is evidently 
occluded and dies where it was born. 

The paper is divided into the following sections. 

(1) Preliminary experiments. 

(2) Description of the two series of experiments. 

(3) Pipe-experiments: 

(a) Pipes going to different depths in the same soil. 

(6) Effect of a continual withdrawal of air. 

(c) Pipes going to the same depths in different soils 
and observed at different times under different 
weather conditions. 

(4) Bottle-experiments with different soils. 

(5) Comparison of the results with the two methods of 

experiment. 

(6) Search for a relation between the emanation-content of 

the air and the weather. 

(7) Comparison of the emanation-content of ground-air and 

atmospheric-air. 

The testing apparatus was the same as that used in my 
previous experiments on radium emanation. 

All the experiments were made in the afternoon between the 
hours of 2 and 6. 


(1) Preliminary experiments. 


A “compo” pipe about 3 cm. in bore was connected at one 
end to an open wooden box and this was placed at the bottom of 
a pit 120 cms. deep dug into the soil of the garden border outside 
the laboratory window. The pit was then filled up and the soil 


* Phil. Mag, Oct. 1908 and July 1910; Proc. Camb. Phil. Soc. Vol. xv, P& vi. 


contained in the air of various soils. 337 


gently pressed around the pipe. The position of this pipe is 
marked A in Fig. 2. 

At first before knowledge was obtained of the enormous 
amount of emanation that could be withdrawn from the soil this 
pipe was connected up in series with a tube containing charcoal *, 
a gauge and a water pump and air drawn through at 3} litre 
per min. for 21 hours. On testing in the usual way+ a leak 
of from 400—1000 cms. per minute on the electrometer scale was 
obtained, whereas if the atmospheric-air had been under test a 
leak of about 2—3 cms. per minute might have been obtained. 
Shorter exposures gave even a higher emanation-content for the 
air from the soil and it was evident that the charcoal was getting 
saturated and also that it was not necessary to use a charcoal tube 
at all: the air from the soil could be passed straightway into the 
testing vessel. 

Tests were therefore made as follows: The testing vessel was 
exhausted as much as possible by the water-pump (usually to 
about 2 cms. of mercury). Meanwhile air was drawn through the 
ground-pipe by another pump for 10 mins. at the rate of 4 litre 
per min. This cleared out all air left in the ground-pipe itself 
from the last observation. The testing vessel was then connected 
through a drying-tube to the ground-pipe and filled slowly with 
the air from the ground. Leaks taken immediately after the 
filling always showed the presence of thorium emanation. After 
10 mins. this would decay practically to zero and the reading was 
then taken of the amount of radium emanation present. 

The table on p. 338 shows the variation during about three 
weeks of the emanation obtained from the soil in this way. When 
no remark is made in the last column the procedure of testing 
was as described above, in other cases the remarks indicate how 
this procedure was modified. The second, third and fourth 
columns give an idea of the weather changes occurring during 
the time. There was little wind or rain during this set of 
experiments. 

In all cases the amounts of emanation are quoted in terms 
of the leaks obtained per minute, the leaks being corrected to 
a common sensitiveness of the electrometer (900 mm. per volt), 
and the air leak (which varied on different days from ‘9 to 1°3 cms. 
per minute), subtracted. 

It may be remarked that previous experiments{ had shown 


* See Phil. Mag. July 1910, p. 1. 

+ The electrical apparatus used was the same as that described in Phil. Mag. 
Oct. 1908 and July 1910. See also Fig. 4 of this paper, where V is the testing 
vessel charged to 320 volts by a wire C, W is the insulated wire connected to an 
electrometer at Q, E is the earth wire of the guard ring and M a mercury 
manometer. 

t Proc. Camb. Phil. Soc. Vol. xv. Pt vi. 
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that a leak of 1 cm. per minute corresponds to an amount of 
emanation that would be produced by 78 x 10- gm. of radium in 


} zs | z 
Date, | Winther Lumen Max. | Min. Leak due to emanation 


OTD | = pane: Temp. withdrawn 


Jan. 17 | Overcast | 779 | 45 26 17-3 (rising to 25-0 in 3 hrs.) * | 


Ls > 779 «| «43 39 19:4. After another 90 litres 
drawn through, 20°8 

ey ky + 777 | 41 35 After 300 litres drawn through, 

18-4 

pe - as) Wee 30 After 720 litres drawn through, 
9-7. After a 3 hrs’ wait, 8°2 

ey v “ 767 37 35 Noairpreviously drawn through, 
| 14:5 

5) a2 5 767 | 41 | 36 

» 23 ss 767° | 42 | 30 | 1414 


asf Se Sunny 767 | 48 31 19-1 
53) 35 Clear 765 | 50 | 42 | 24-1 
Sahel 26 Fine 769 | 55 42 16°4 
5» 27 | Overcast | 770 47 42 25°9 
28 Fine 771 | 52 | 31 | 15-6 


19 29 9 771 40 25 

58 430, x 770 42 32 Noair previously drawn through, 
al 4-4, After an hour’s wait, 4°6 

~3, Veal sf 779 36 26 Noairpreviously drawn through, 


3°6. After an hour’s wait, 4:2 
Feb. 1 |4hrs.sun| 779 37 16 | 81 


>» 2 | Overcast SiN 35 18 11-4. After a3 hours’ wait, 12-6 


” 3 ” 774 43 32 13°3 
hee. = 774 43 37 
: By) ” | 712 42 37 
ergy a) gees eee 
= 8) hrs. sun) “774 42 32 17:0 
5» 8 | Overcast 774 | 40 36 8 litres drawn through but no 
| test made 
» 9 > 770 | 33 
i 10° , 760 | 41 | 37 | 5:0 


* This rise from 17:3 to 25-0 in 3 hours proves that the active gas is pee: 
radium emanation. , 
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one day or the amount that would be in equilibrium with 
13 x 10-? om. of radium. 

There are great irregularities in the readings. It was hoped 
that a continued frost would set in to lock up all the interstices in 
the upper layer of soil but the maximum temperature during the 
day never fell below 32°, though on five successive days Jan. 30— 
Feb. 3 the minimum temperature was not above 32°, and on the 
early mornings of Feb. 1 and 2 fell to 16° and 18°. The low 
readings of Jan. 30 and 31, however, occurred before this hard 
frost. 


(2) The two series of experiments. 


It was now decided to carry out two series of experiments. 
In one series pipes were inserted in the same soil to different 
depths and in different soils to the same depth and air withdrawn 
by suction at different times and tested. This 
series will be called the Pipe-series of experi- 
ments. In the other series different samples 
of earth or soil were placed in bottles and the 
emanation that accumulated in various times 
was withdrawn by suction and measured. 
This may be called the Bottle-series of ex- 
periments. 


(3) The Pipe-series of experiments. 


bes 2 We 
Q LTE LIN RS 
= > 


The pipes used were made of narrow ve, YY 
compo tubing of about 3 mm. bore, each pipe KX V, 
being 6 metres long. One end of the pipe > lf // 

NEN Ye 


P (Fig. 1) was joined to a piece of brass 
tubing 7, 14 in. diam. and 3 in. long, the 
other end of the brass being closed by wire 
gauze to permit the entry of air. A blank 
experiment was made on the compo tubing to Wi \ / 

/ 


BR 


SZ <NS. 


see that it was not contaminated with radio- 
active matter. Holes were rammed in the 
ground with a large crowbar or iron pipe to 
the depth required. The brass vessel and 


pipe were then lowered to the bottom of the A 
hole. The hole was now half filled with earth aN 
and the earth rammed home. The next foot oN 

or so of the hole was filled with thick mud. if 
It was hoped that this would set as a kind of dy Ai 
cement and so refuse passage of air along EAN A, 


the line of the pipe to the cage at the 
bottom. Fig. 1. 
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(8a) Pipes going to different depths. 


Three pipes like the above were inserted to depths of 76, 152 
and 229 cms. into the lawn outside the window of the laboratory 
and the upper ends of the pipes were brought through the window 
to the laboratory bench. The plan of the positions of the pipes is 
given in Fig. 2, the pipes being B, C, D respectively, A referring to 
the pipe used in the preliminary experiments. 

In taking these readings the testing vessel and drying tube 
were exhausted by the pump as far as possible, and the drying 
tube was then connected to the ground-pipe, no air having been 
drawn previously through the pipe. The testing vessel was then 
slowly filled with the ground-air. The order in which the pipes 
were tested on any particular day is indicated by the letters a, b,c. 


£ awit D 7S com. B 100 ome Cc 
f 
A 
Garden Bed é 
f g 
R 


charley WALES  E 
peers Ml ae 


Fig. 2. 


About 14—2 hours elapsed between the successive fillings. This 
long interval is necessary on account of the active deposit left in 
the testing vessel. 

The deepest pipe always gave the largest amount of emanation 
and with one exception (Feb. 20) the shallowest pipe the least. 

The results are given in the table on p. 341. The means of 
the columns are 27, 38, 60, 7.e. in the ratio of 2 : 3 : 5, while the 
depths of the pipes are as 1:2:3. It is difficult to say where 
exactly the air was located before sucked up any pipe as we have 
little knowledge of the volume and distribution of the interstices 
of the soil. 

It is worth recording that most thorium emanation was found 
in the air from the shallowest pipe. 


a" 
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Emanation obtained from pipes going to different depths. 


(Volume of air drawn up =3 litres.) 


Date B, 76 cms. deep | C, 152 cms. deep | D, 229 cms. deep 
Feb. 2 (pipes | inserted) 
Feb. 6 a W 6 38 a 45 
eet | a 28 b 42 ce 51 
ion ure a 35 ce 42 6 53 
bye) a 23 e 16 6 41 
ed, a 19 e 27 6 47 
July 18 a 31 e 43 b 99 
| a oe a l7 e 59 b 82 


(3b) Can the supply of emanation in the soil be exhausted 
by continual withdrawal ? 


To test this some experiments were made with the deepest 


pipe D. 


On Feb. 28th, the vessel was filled in the usual Mic from this 
pipe at 2°55 pm. The reading was a . o4 
From 3 h.—5} h. air was drawn through the pipe xt 9) Like 
per min. and at 54h. the vessel was again filled. The 
leak was again me 54 
The pump was then set soiiiae & air ir through ao the all phe 
from 52h. on Feb. 28th to 2 3h. on Mar. Ist, when the 


leak a see : 44 
The pump was set in nation ean avitil 5d i Sie ike jt 

was... 43 
After another all night ee thd lank at Q, 50 on Mar. ond 

was 45 
And again afte wancbee ia nipht Suretae the. jeak at 2.50 ¢ on 

March 3rd was sin ia sx “fe —e eo: Yi 


The result from this is that although the leak during a constant 
running of the air through the pipe is not as great as it is after 
say a day’s rest, yet the supply of emanation is very considerable 
and approximates to a constant quantity, in the above case about 
5ths of the maximum amount that can be got out of the soil. 
Similar results are shown in the table on p. 346, obtained with 


pipe C. 
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(3c) Pipes inserted into different soils. 


In this series of experiments the air had to be withdrawn from 
the pipe and taken to the laboratory. The method of withdrawal 
was water-suction. A bottle B (Fig. 3) of volume just larger 
than that of the testing vessel was provided with two taps one 
at the top and the other at the bottom. The bottle was filled 
with distilled water and taken out to the pipe. The upper tap 
was then connected to the ground-pipe P, and the lower one 
to a length (7 ft.) of compo tubing M. The bottle was supported 
so that this compo tubing rested in an oblique position and when 
both taps were turned the water escaped through JM and the fall 
of water so produced sucked the air up P. When all the water 
had run out the taps were closed and the ground-pipe detached 
from the bottle and sealed again to wait for the next reading. 


Fig. 3. 


The time the bottle took to empty was nearly always noted, it 
being a guide to the porosity of the soil (the same fall-tube was 
used in all cases except where otherwise mentioned). On reaching 
the laboratory the testing vessel was exhausted and then filled 
with the air thus collected and the usual measurements taken. 


ee 


ee i oe ee 
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(1) Pipe in the Chalk at the Cherryhinton Put. 

A pipe was inserted in a hole 106 cms. deep in a large bank of 
rather loose chalk that had been quarried some years ago and 
then thrown on one side as being too small for burning. The 
bank is now scantily covered with vegetation. When the pipe was 
inserted the hole was sealed in the usual way. The results are 
expressed in the following table. 


r : q g 
Temperature Bie g ais 8 2 
Date Weather remarks Bar. £3 |g S29 6 = 
Max. | Min.| &-= |G'¢83| 28 
. : Hg 33 g6 
re) = 
| Mar, 4 Fine. Pipe inserted 
,, 4-8 | Sunny. Rain at times — — — “13 — — 
raat) Gloomy 764 47 28 — 30 18 
», 8-16 | Snow. Rain each day | — -— — 5og _ — 
», 16 | Unsettled. Snow. Rain | 752 46 31 ‘04 |nottaken| 7 
, 16-21 | At first fine, then dull a a — — = — 
», 21 | Dull morning. Glori- | 757 54 35 — |nottaken| 7 
ous afternoon 
,,23-31 | Little snow. Gloomy -- — — ‘08 — — 
», 381 | Gloomy 757 50 42 a 20 21 
Apr.7-25 | Fine. Sunny. Scarcely | — —_ _ 05 — — 
any rain 
5 20 | Glorious 758 a9 47 oo 17 19 
ay 15- | Glorious weather. Hot | — -- — — a5 — 
une2 | 
5 2 | Very hot 765°| 176.4 47 |e 19 19 
,,23-26 | Much rain at times = — — |1:27 — — 
», 27 | Dull morning. Fine | 768 72 48 — 20 18 
afternoon 
Aug. 16 | Fine since June 26th 768 73 51 — 19 9 
Sept. 23— | Unsettled. Occasional ose == = 50 at a 
29 rain 
», 30 | Unsettled. Windy. | 756 58 45 “21 24 12 
| Wet 
Oct.1—23 | Unsettled. Occasional | — — — | 1°50 oa vo 
| rain 
,, 24 | Raining 747 56 46 ‘1 22 21 


The emanation-content was remarkably constant from the end 
of March to the end of June. There seems however no possibility 
of correlating emanation-content with the weather, for the high 
and low results are apparently indiscriminately scattered over fine 
and wet weather. 
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(2) Pipe at the Observatory. 

By permission of Sir Robert Ball and with the help of 
Mr Hinks a pipe was inserted 106 cms. deep through the upper 
soil of leaf mould into the clay just inside the grounds of the 
Observatory. Repeated attempts to suck air up the pipe with 
the water bottle failed and even when a vacuum was applied only 
a spurt of watery mud resulted. The pipe was waterlogged in the 
clay and it was therefore abandoned. Another hole was made at 
a higher level but even here at a depth of 84 cms. water was 
reached, so the hole was filled up with gravel for about 6 cms. 
and the pipe then inserted. Results: 


| | 
Temperature | = 2 | gee 23 
— |@820 2 
Date Weather remarks = 9 |f48 a ao 
Max. | Min.| &'" |B 8 9'8| 88 
} = 
Mar. 14 | Wind. Snow. MHail. 
Inserted pipe 
,, 16-20 | Dry (:25 in. rain on — -- — —- = 
15th) 
«3, 20 Glorious 53 37 — |nottaken| 47 
,, 20-28 | -17 in. rain on 21st. — -— 10) a = 
Snow storms 
, 28 | Sunny. Fine. Windy 53 34 | _— 16 52 
| 
Apr. 24 | Scarcely any rain for 64 43 | — 17 een 
a month | 
| May14-17) 14th, rain. 15th, dull. | = | 67s = 
16th, 17th, fine 
| ,, 18 | Dull. Cold. 58 | 47 | — |nottaken| 43 
| 
| June 2 Very hot. No rain 76 47 — 16 25 
since May 14 
,, 23-26 | Much rain on June 24 — -- 1-27 — = 
» 27 | Dull morning. Fine 72 48 — 18 41 
afternoon 
July 12 | Hot for the last week 78 53 — |nottaken) 34 
Aug. 15 Hot for the last 6 weeks 70 54 — 19 | 28 
Sept. 23- | Unsettled. Occasional — _ 50 — _ 
29 rain 
», 30 | Unsettled. Windy. 58 45 21 193 53 
Wet 
| Oct. 1-23 | Unsettled. Occasional — — | 1:50 — — 
rain 
|, 24 | Raining 56 | 46 1 a1 | 64 


The highest result (April 24) here was obtained after a spell 
of fine weather, so also was the lowest result (June 2). It 
impossible to correlate weather and emanation-content in this 


case. 


seems 
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(3) Pipe in a lawn in the town of Cambridge. 
A pipe was inserted to a depth of 106 cms. in the middle of 


a lawn. 


345 


The soil immediately underneath the turf contains much 


builder’s rubbish but lower down gravel and drift most likely occur. 


Results: 


Date 


a 8 
,, 12-14 
55 UG 
,, 17-20 
ser ad 
» 26-28 
p20 
Apr. 25 
May 30 
Jun. 23-26 
i 26 
July 1-4 


Aug. 14 
Sept. 23- 
29 

» 30 
Oct. 1-22 
23 


|» 


Temperature 
Weather remarks Bar| 
Max. | Min. 
Fine. Pipe inserted 
Dull _— _ — 
Dull 763 47 28 
Wind. Hail. Snow. = = = 
Rain 
Snow. Rain. Raining | 746 41 32 
during filling of bottle 
Windy. Sunny. Fine | — — = 
Dull morning, then | 756 54 35 
glorious 
Windy. Sunny. Fine | — oa — 
Dull 759 47 40 
Glorious. No rain for | 759 59 47 
3 weeks 
Hot and dry for some | 762 74 50 
time 
Lot of rain at times —- | — — 
Dull 769 | 58 | 50 
Fine weather — _ — 
Fine 770 76 53 
Fine for a fortnight 775 77 50 
Fine for 6 weeks 768 84 57 
Unsettled. Occasional | — = a 
rain 
Unsettled. Windy. | 762 58 45 
Wet 
Unsettled. Occasional | — = — 
rain 
Dry; ‘4in.rainon 21st | 753 59 50 


and 22nd 


“50 
25 


1:27 


Time in 
minutes 
occupied in 


collection 


nottaken 


Emanation 
content 


| 


76 


Here again it seems impossible to obtain any relationship 
between the emanation-content and any of the weather factors. 
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(4) Pipe in the Court of the Cavendish Laboratory. 

Readings were taken with the 152 cm. pipe mentioned above. 
Up to April 24 the fall tube attached to the water bottle was 
a wide indiarubber tube. After that date the 7 ft. compo tube 
was used. 


| | 
Temperature | % & $38 2a 
Date | Weather and other | Bar. | ES gq BS 8 g 
remarks Max. | Min.| &'" |X 8 8°9] Ho 
ro) a 
Mar. 13 | 12thand13th. Wind. | 748 43 33 42 104 | .25 
| Rain. Hail | 
ss 1D. 14th and15th. Wind. 746 4] 32 33 30 =| «24 
| Rain. Hail 
», 20 | 17thto 20th. Fineand 756 53 37 — 8 43 
| sunny 
» 27 | 25th to 27th. Snow. | 760 39 36 05 5 head 
Cold. Windy 
Apr. 24 | Fine for a month. | 761 64 43 = 4 24 
Warm 
Apr. 25- | Sunshine and rain _ — — ‘67 = = 
May 2 
May 3 | Windy | 756 56 39 — |nottaken| 21 
» * | Pumpdrewairthrough | 760 | 61 38 ‘07 |nottaken) 30 
all night at 4 litre | 
per minute. Stopped | | 
just before filling the 
bottle 
», 16 | 14th, Very wet (-67in.). | 757 70 43 -- 23 57 
15th and 16th, Dull | 
», 17 | Fine) Pumponall | 759 | 70 47 Ba5 \ohlgs 70 
night. Just | 
a) Sie eDull Stopped if to ~| 764 58 47 -- 24 70 
oe Oe eal fillthebottle | 763 56 42 02 | 24 69 
», 23 | 20th and 2ist, Cold, | 761 | 68 | 44 | — 25 39 
dull. 22ndand 23rd, 
Fine 
ee 2 Bair | 762 69 Ba ae 27 
65 29 25th-28th, Fine. 29th, | 765 78 51 — 23 67 
Hot 
», 30 | Pumponallnight. Hot | 761 74 50 = = = 
papel || 45 a A 760 76 51 — 30 72 
June 1 Le iA BA 765 81 52 ==) a23 72 
” 2 29 23 ” 764 76 47 Fm | 25 75 
» 6 | 2nd-6th. Hot 774 75 54 25 75 
wn ae 7th-12th, Fine. 13th, 789 60 47 — nottaken| 61 
Cool 
», 19 | 16th-18th, Rain (-32 | 753 64 52 03 24 37 
in.) at intervals. 
19th, Wet 
Repeat after 2 hours’ | — — — — jnottaken| 37 
rest | 
,, 20 | Lot of rain on night | 761 68 53 | 36 | 25 32 
of 19th 


“5, 21 | Dull, cool 763 | 69 | 52 | — 25 30 
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Date 


June 24 


” 25 
Bio 28 


Temperature 
Weather and other Bar. 
remarks Max. | Min. 
22nd, Dull. 23rd and | 749 64 53 
24th, Lot of rain 
Still raining 755 55 51 
Little rain in the night | 768 72 48 
After 4 or 5 days’ fine | 773 76 53 
Hot 768 84 59 
» 770 81 53 
Hot on 8th, 9th and | 775 70 49 
10th 
Hot 777 76 47 
me 775 78 53 
> | 775 77 50 
Rain and Thunder- | 
storm 6—10 a.m. ae = 
Reading at 2.30 p.m. 168? ee BL 
Repeated at 5.30 | 
Hot 763 88 57 
Hot for days | 763 76 59 
” ” ” | 764 77 54 
Hose turned on grass | | 
for 14 hrs 
Readings before and f 767 w 2 
afterwards 
Raining since 44h. a.m. ) | 
reading at 10 o’cl.}| 753 69 61 
reading at 6 o’cl. j 
Rain in night. Hose 
turned on from 2.30 
—7.15 756 65 58 
Readings before and 
after 
Unsettled. Occasional = - — 
rain 
Unsettled. Windy. | 756 58 45 
Wet 
Fairly dry = — — 
Sunny, warmer 764 58 48 
Gloomy. Wet = - — 
Gloomy. Drizzling 768 53 50 
Dull. Wet — = — 
Dull 753 59 50 
36 in. rain on night of | 745 59 46 


24th 


“24 


occupied in 


25 
26 


collection 
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In this case there are a few indications that fine hot weather 
causes an increase in the emanation-content and rain a decrease. 
Increases which accord with this occurred on Mar. 20, May 16, 29, 
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July 5 and decreases in agreement on Mar. 27, June 19, 24, 
Sept. 30. 

In two cases, Aug. 10 and 22, the grass was flooded with water 
for some hours but little effect was produced. Cambridge tap 
water, however, contains much dissolved emanation and one effect 
may have neutralised the other. 


Fig. 4. 


(4) The Bottle series of experiments. 


In these experiments a bottle B (Fig. 4) was filled with a 
weighed quantity of soil, gault, or chalk S as the case might be. 
The bottle was provided with two openings J and O to allow 
of the admittance and withdrawal of air. The method of testing 
was as follows: After filling the bottle with the earth it was 
exhausted with the water-pump once or twice to clear out all 


contained in the air of various soils. 349 


emanation, then filled with air, and the tubes sealed. At sub- 
sequent dates the emanation generated and mixed with the air 
was removed and tested. To do this the testing vessel V and its 
drying tube D were first exhausted as far as possible with the 
pump and the clip Z tightened. The tube J being closed O was 
connected through D to the vessel and communication opened 
between the B and V by loosening Z. The air in the bottle 
expanded and some rushed into the testing vessel. JZ was then 
tightened and J opened to the air thus filling the bottle again up 
to atmospheric pressure. Again J was shut and ZL opened thus 
sending a further quantity of emanation into the testing vessel. 
This was repeated two or three times. The pressure-falls (read by 
the manometer J) consequent on the successive connections of 
the bottle to the vessel give an indication of the relative volumes 
of the air space in the bottle and that of the testing vessel. 
Finally J and LZ were opened at the same time and the remaining 
traces of emanation swept out by the air rushing through the 
bottle to the vessel. The leak was taken immediately and also at 
the 10-minute maximum. Only the latter is given in the tables. 
The bottle was then sealed up again till the next reading. 


(1) Chalk. 

A quantity of loose chalk was taken from the bank in which 
the pipe was inserted. The chalk was quite damp. A bottle of 
volume 3500 cc. was filled with some of this on Mar. 23. Weight 
of chalk taken, in its damp state, = 3945 gm. 

The following is an average set of pressure readings taken 
during the filling of the testing vessel (the procedure is described 
above): Barometric height, 762 mm.; vessel exhausted to 13 mm.; 
pressures after Ist, 2nd, 3rd fillings 269, 436 and 546 mm. respec- 
tively. The volume of the testing vessel and drying tube was 
3070 cc. These pressure readings corresponded to an air space 


eaiate of tes ae Emanation Period of Accumulation 

| removed accumulation per day 

| 

| Mar. 23 (bottle filled) — _ 

aU 5-0 7 1-2 
Apr. 27 76 28 1:3 

=a IES 1 1:3 

May 1 30 3 1:2 
July 10 (oil 70 2, 

Mean 1:25 
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of 1500 cc. in the bottle. The table (p. 349) gives the results ob- 
tained. The numbers obtained in the last column are calculated 
from those given in the second and third columns by the use of 
factors obtained from the growth-curve of radium-emanation. 

At the conclusion of these experiments the bottle was filled 
with water to find the volume of the air space; 1410 cc. of water 
were required ; this agrees fairly well with the result obtained 
above; the mean is 1450 cc. The chalk was then removed and 
dried on an iron plate over a burner. Its weight when dry was 
3160 gm. A fresh bottle, of volume 4090 cc., was now filled with 
this 3160 gm. plus 920 gm. of dried chalk from the same source, 
total 4080 gm. 

Readings taken with this bottle : 


Dake ort Emanation Period of Accumulation 
OMe ONES removed accumulation per day 
July 25 (bottle filled) aa ane 
6 93 
Aug. 8 4°5 8 ‘96 


baa | 3°47 | 
Mean 1-0(nearly) 


The volume of the air-spaces calculated from the pressure 
readings was 2690 cc., and by filling with water afterwards 2900 cce., 
mean 2800 ce. 

The mean daily accumulation of 1:0 requires for its produc- 
tion 1:0 x 78 x 10-” gm. of radium. This equals ‘019 x 10-" gm. 
radium per gm. of dry chalk. 

The mean daily accumulation of 1:25 obtained with the damp 
chalk requires for its production 1:25 x 78 x 10-" gm. of radium 
or (031 x 10-" gm. radium per gm. of chalk (weighed when dry). 
The presence of the water thus increased the output of emanation. 
Strutt* found that different parts of this particular chalk pit 
differed in radium-content from the upper part containing ‘1 
and the lower part -4 x 10-? gm. per gm. Taking a mean of ‘25 
it follows that my method of withdrawal removes only ith of the 
emanation generated in damp chalk and 54th of the emanation 
generated in dry chalk, the remainder being locked up in the 
chalk. 


* Proc. Roy. Soc., 774, 784, 1905, 1906, corrected by Eve, Phil. Mag. 
Aug. 1907. 
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(2) Earth and Gravel from the Court of the Cavendish 
Laboratory. 

This was taken up in a damp condition and a bottle of volume 
2050 ce. filled with 2355 gm. (found afterwards to weigh 1980 gm. 
when dried). An average set of pressure readings during the 
filling of the testing vessel were: bar. 759 mm. and _ pressure 
in vessel 742, 562, 430, 322 mm. after exhaustion and Ist, 2nd, 
and 3rd fillings respectively. These corresponded to an air space 
of about 900 cc. in the bottle. Results: 


Date of testing Emanation Period of | Accumulation 
removed accumulation | per day 
f 

Mar. 18 (bottle filled) — | = 
ame 10) Zoe 12 | 4-8 
May 1 27-0 31 4:6 
“s 2 7'4 1 74 
A: 3 6:1 1 6:1 
eae 17°8 5 5:0 
9 6°8 1 6°8 

June 12 27°8 34 4-7 
» 14 10°8 2 6:0 
dae 5) Be] 1 Det 
fo kG 4-7 1 4:7 
July 14 24-0 28 4-] 
iv Lt 3 4:5 


The results here are rather inconstant. The long rests give 
a mean of 4°6 for the daily accumulation, but actual day’s rests 
give much higher results. The contents of the bottle looked 
rather dry on June 15th, and a considerable quantity of distilled 
water was added to thoroughly damp it. This may have been 
the cause of the low results of June 15, 16 and July 14. Taking 
the mean daily accumulation as 4°6 this would be supplied by 
19 x 10-” gm. radium per gm. of gravel whereas the actual radium- 
content is probably about 5 or 6 times this. 

At the completion of these results the earth was removed 
from the bottle and dried over a burner. It was then reduced to 
a coarse powder and fairly tightly packed into a smaller bottle 
which it just filled. Weight of earth, 1980 gm. Volume of 
bottle, 1710 c.c. Volume of air spaces, by pressure, 1000 cc.; by 
filling with water afterwards, 800 cc. mean 900 cc. The follow- 
ing results were obtained with this bottle: 

2 
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PRES OF feck Emanation Period of Accumulation 
be Ee FEES removed accumulation per day 
July 20 (bottle filled) at ae: 
Wa 2 5 3-7 
Aug. 2 17-0 8 3°7 
Mean 3-7 


Another bottle was filled with some more of this earth which 
had got dry by lying about in the laboratory during the summer. 
This was also coarsely powdered. Weight of earth 1450 gm. 
Volume of bottle 1210 cc. Volume of air spaces, by pressure, 
670 cc.; by filling with water afterwards 600 cc. mean 635 ce. 


Results with this bottle: 


Date of testi Emanation Period of Accumulation 

ave oy eeanlne remoyed accumulation per day 
July 17 (bottle filled) = =~ 
sd 6-2 2 3-2 
2 10-2 6 2-6 
Aug. 2 12°3 8 2°7 
nis 15:3 13 2:6 
Mean 2°8 


Both the 3°7 for the 1980 gm. and the 2°8 for the 1450 gm. 
correspond to a radium content of ‘15 x 10~” gm. per gm. of earth 
so that in this case also the presence of water increased the 


emanation output, but not to such an extent as in the case of the 
chalk. 


(3) Gault. 


The gault is a stiff lead-blue clay, impervious to water. It 
underlies the town of Cambridge and is much used for making 
bricks. The specimen used was taken off the workman’s spade 
during digging operations in the Newmarket Road pit. It was 
of the consistency of butter (in winter) and to get plenty of 
surface exposed it was chiselled into shavings and fragments not 
larger than kidney-beans. As a check on each other and a test 
of the accuracy of working, two bottles of about the same size 
were filled. (1) contained 1800 gm., (2) contained 1920 gm. An 
average set of pressure readings with (1) was: bar. height = 762 mm. 


> 
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Pressure in vessel = 15, 164, 297, 393 mm. after exhaustion and 
Ist, 2nd, and 3rd fillings respectively, whence volume of air in 
(1)=750 ce. The volume of air-space determined by water filling 
afterwards was 720 cc. There was the same volume in (2). 
Results : 


(1) 
: Emanation Period of Accumulation 
Se De earn remoyed accumulation per day 

May 12 (bottle filled) — — 
eee 14:7 7 3°4 
eo a7 + 3°2 
July 10 16-4 45 2°8 
a 1A | 9-1 4 30 
Mean 3:2 

(2) 
May 12 (bottle filled) — — 
20s |) 9-2 3 36 
oe aes 14-7 fi 3°4 
feat 2G 10-2 4 a4 
July 11 16-7 45 2°8 
seri ikie 12°4 6 Pea 

Mean 3 


J 


At the conclusion of these experiments bottle (2) was washed 
out, dried and filled with 1620 gm. of coarsely powdered heat- 
dried gault. For the greater part this gault came from bottle (1) 
but more was added from the stock. Volume of bottle 1790 ce. 
Volume of air-spaces, by pressure 1330 cc., by water 1270 ce. 
The results obtained with this bottle are: 


Tints. of testi Emanation Period of Accumulation 
peo testing removed accumulation per day 
| 
July 28 | (bottle filled) oA a 
Aug. 1 30 4 “96 
5 8 4-6 7 1:06 
Mean 1:0 
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The damp gault in bottle (1) when dried weighed 1400 gm. 
The daily growth of 3:2 for 1400 gm. of gault, when damp, corre- 
sponds to a radium-content of 18 x 10-" gm. per gm. The daily 
growth of 1:0 for 1620 gm. of dry gault corresponds to a radium- 
content of ‘05 x 10-’ gm. radium per gm. of gault. Damp gault 
therefore gives off about three times as much emanation as dried 

ault. 
, Strutt found 1:0 x 10-” gm. of radium per gm. of gault so that 
the supply of emanation to the air surrounding the gault is con- 
tributed to by only 4th of the radium actually present in the gault 
when the gault is damp and by only jth when the gault is dry. 
It is worthy of note that strong indications of thorium-emanation 
were obtained with the gault. 


(5) Do the pipes and the bottles give consistent results ? 


The results can only be taken as very approximate. The soil 
around the pipes is more compact than the soil in the bottles. 
I shall assume that the emanation in the air drawn up the pipe is 
in equilibrium with the radium in the soil. 

Take the case of the 5-foot pipe at the Cavendish. The 
volume of the testing vessel alone is 3000 cc., so that 3000 cc. 
of air from this give a leak of from 20 on a wet day to 80 on 
a dry day, say 60 for a dryness corresponding to the undried soil 
in the bottle. 

Now in the bottle we have 900 cc. of air in contact with 
about 2000 gm. soil and this gives a leak of 46 for a day’s 
accumulation or 27 when in equilibrium. Then working from 
the bottle results we find that 3000 ce. of air from the soil should 
give a leak of 390° x 27 =90 nearly, which is of the same order as 
that actually given. 

Now take the case of the chalk. 3000 ce. of air from the pipe 
gives a leak of about 20 on the average. 

The bottle contains 1450 ce. air associated with 3940 gm. 
(damp) chalk, and when in equilibrium the emanation in this air 
gives a leak of 74, whence 3000 cc. of air from the pipe should 
give a leak of 

$000 x 74 = 16 about, 


which is not far from 20. 


(6) Lhe Variation of the results from the pipes during 
the 6 months (March—August). 


From the tables above it is evident that the Chalk pipe 
indicates no variation, the Observatory and Lawn pipes were very 
irregular, while the pipe in the court of the Cavendish certainly 
did give a fairly consistent temperature and rain variation. It 
is very curious why this pipe alone should show this effect. 
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For what reasons should one expect a variation? In wet 
weather the soil is full of water and one would expect the 
emanation in the particles of soil to be imprisoned by the shell 
of water, but as a set off against this it has been found that 
a soil when moist gives off more emanation than when dry. In 
very dry weather the upper layer of soil cracks and this might 
facilitate the supply of emanation to the pipe. 


(7) Comparison of the emanation-contents of ground-air 

and atmospheric-air. 

In a previous paper* it was shown that 630 litres of air passed 
through certain charcoal tubes yielded an amount of emanation 
represented on the scale used in these papers by 2°45. In another 
paper+ it was shown that this was only about 62 °/, of the amount 
actually in the air, so that the mean actual amount may be 
represented by about 4°0, whence 3000 cc. (ze. the volume of 
the testing vessel) would give an amount ‘02. Compare this 
with the average amount of 50 given in average weather by the 
pipes in the gravel in Cambridge and we see that the ground-air 
is 2500 times as strong in radium-emanation as the atmospheric- 
air. From this we should expect that when the barometric 
pressure falls some of this emanation-charged air would escape 
from the ground and the emanation-content of the atmosphere 
would be increased. The author found just the reverse to occur, 
but this may be due to the fact that in England rain nearly 
always accompanies a barometric depression, and as we have seen 
above the Cavendish pipe yields less emanation in wet weather 
than in dry weather. In dry weather the large cracks formed in 
the ground may facilitate the supply of emanation to the air and 
thus partly account for the large emanation-content found in 
anticyclonic weather. 

I wish to express my best thanks to Professor Sir J. J. 
Thomson for his helpful suggestions and kindly interest in these 
experiments. 

Note added July 26th. In the current number of Nature 
there is an abstract of a paper read to the Royal Dublin Society 
by Prof. Joly and Mr Smyth describing experiments similar to 
the above. They find about the same quantity of emanation 
in the air of the soil around Dublin as I find near Cambridge. 


* Phil. Mag. v1, 20, July 1910. + Ibid. Oct. 1910. 
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The Radiouctiity of Marsh Gas. By JOHN SaTTERLy, D.Sc. 
(Lond.), M.A., St John’s College. (Communicated by Professor 
Sir J. J. Thomson.) 


[Received 21 August 1911.] 


Marsh Gas is the name given to the gas which is liberated 
when the mud and decaying vegetable matter below slowly moving 
or stagnant water is disturbed. It consists largely of methane 
(CH,). The gas is inflammable, and is supposed to be responsible 
for the phenomenon known as the Will-o’-the-Wisp or Jack-a- 
Lantern. The author has measured the amount of emanation in 
the air of the atmosphere*, in the air of the soilt+, in the waters 
around Cambridge?, and marsh gas being very plentiful in August 
due to the long spell of fine weather it was thought it would be 
interesting to sample it for radium emanation. 

The neighbourhood of Cambridge is rich in stagnant back- 
waters and other ditches. At this time of the year the amount of 
marsh gas they yield is surprising. The supply varied in different 
places, but on the average between three and four litres of the 
gas could be collected in thirty minutes. 
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The collecting apparatus is shown in the diagram. It was 
simply a bottle attached by wire to a long batten. A short wide- 
angled funnel was provided to guide the liberated gas the way it 
should go. The bottle and funnel were first filled with water and 
then inverted. The mud at the bottom of the water was then 
vigorously poked with a pole and the gas collected as it rose. The 
funuel was detached and a stopper inserted into the neck of the 
bottle before the latter was removed from the water. 


* Phil. Mag. Oct. 1908, July 1910, 
+ Proc. Camb. Phil. Soc. Vol. xvt. + Ibid. Vols. xv. and xv1. 
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On returning to the laboratory the testing vessel (of volume 
3 litres) was exhausted and filled with the gas*. The electrical 
leak was taken ten minutes after filling, as is usual in testing for 
radium emanation. To prove that the electrical activity of the 
gas was due to the presence of radium emanation the gas in one 
case was allowed to remain in the vessel for three hours and the 
leak taken again. It was found that the leak after the gas had been 
in the testing vessel three hours was fifty per cent. greater than 
the leak after the gas had only been in ten minutes. This is a 
sure test of radium emanation (with a testing vessel of the shape 
of mine)+. The growth of conductivity from the time of filling up 
to the ten-minute maximum and the decay of the active deposit 
in the vessel after the removal of the emanation also confirmed 
the presence of radium emanation in the gas. The marsh gas in 
situ may also contain thorium emanation, but in my method of 
testing this emanation would not be detected as it would have 
totally perished before I reached the laboratory. 

The results obtained are given in the table on p. 358; the 
air-leak has been deducted from the observed leak and the result 
brought to a common sensitiveness, a 90 cm. deflection of my spot 
of light for a potential difference of one volt between the quadrants, 
before insertion into the last column. The normal air leak is 
usually about ‘9 to 1-1 cm. per minute. 

In all cases more gas was collected than was required to fill 
the testing vessel. The remainder was lighted, and it burnt with 
a pale blue flame for quite a time. In the cases of the samples 
from the Rifle Range and St John’s the flame was more luminous 
than usual. 

It will be observed from the results of Aug. 11th and 14th 
that there was more radium emanation in the marsh gas collected 
when the mud at the bottom of the water was more disturbed. 
This would be expected, for nearly all the emanation must come 
from the radium in the mud. The result from the pond at the 
Rifle Range is surprisingly low. It was for this reason that the 
second visit was paid, when an almost identical result was obtained. 
The great difference between this result and the others led me to 
test the waters of the Rifle Range pond and the Queens’ back- 
water for radium emanation. ‘Two litres of these waters were 
boiled and the emanation expelled by drawing air through the 
boiling water. The air was then passed into the testing vessel. 
The leaks obtained were ‘01 and ‘30 cm. per minute for the Rifle 
Range and the Queens’ water respectively. This disparity is 
quite as great as that obtained for the marsh gas. 

Previous standardisation experiments had shown that the amount 


* The method of testing is described in my previous paper. 
+ Phil. Mag. July 1910. 
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Dats Locality at which the gas | Remarks on the nature of 
was collected the water and its bed 
HEL 
| Aug. 5 Backwater on Queens’ | Fairly shallow and weedy, 
Green, midway between mud much disturbed 
Silver Street and King’s during collection 
ayy dll Backwater on Queens’ | Deep water, bottom fairly 
Green towards the Silver hard, cleaner weeds, gas 
Street end came off readily 
A: 12 Backwater alongside Eras- | Very shallow, much duck- 
mus’ Walk weed, smelly, mud very 
slimy, much disturbed 
poe 7. | Same as Aug. 11th Bottom disturbed more 
than on August 11th 
ya ~Hobson’s Conduit, up the | Only 3 inches of mud, then 
path field towards Trum- a hard bottom 
pington 
», 17(1)| Pond behind the stop-butt | Pool very shrunken, smelly, 
at the University Rifle mud much disturbed 
Range 
», 17(2)| Ditch to west of Coe Fen, | Much duckweed above and 
North black mud below. Plenty 
of gas 
», 18(1)| Backwater, S.E. side of the | Nearly dried up. Plenty of 
Wilderness of St John’s dark mud, very smelly, 
much gas 
, 18(2); On the Cam behind the | Bottom uneven, fairly hard 
Old Granary, near Silver in places, soft in others 
Street Bridge 
a; 19 Same as Aug. 17th (1) Same as Aug. 17th (1) 


Activity 
of the 
marsh gas 
expressed 
as leak in 
cms. per 
minute 


85 


39 


74 


48 


50 


91 


Mean (excluding the Rifle Range results) 65 
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of emanation in equilibrium with 1:57 x 10-° gm. of radium gives 
a leak of 120 cms. per minute when passed into the same testing 
vessel*, hence the amount of radium emanation in a litre of an 
average sample of marsh gas is equal to that which would be in 
equilibrium with 4 of -85, of 1:57 x 10-* gm. of radium. This 
is equal to 3 x 10-” gm. of radium, whence the radium content 
of marsh gas may be said to be 8 x 10~” Curie. 

This is approximately the same value as that for the air drawn 
up through pipes inserted to depths of from three to five feet in 
the soil in and about Cambridge townf. 

It may be remarked that practically no rain had fallen in 
Cambridge for six or seven weeks when the above observations 
were made. The weather had been hot and dry with a fairly high 
barometer nearly all the time. 


The author desires to return his best thanks to Mr H. Hickman 
for manipulating the stirring pole. 


* Proc. Camb. Phil. Soc. Vol. xv, p. 543. + Ibid. Vol. xvi, p. 355. 
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On the Radium-Content of Various Fresh and Sea Waters and 
some other Substances. By JOHN SaTTERLy, D.Sc. (Lond.); M.A., 
St John’s College. (Communicated by Professor Sir J. J. Thomson.) 


[ Received 29 August 1911.] 


In the Proceedings of the Cambridge Philosophical Society, 
Vol. xv., Part vi. the author described some experiments made to 
measure the radium-content of Cambridge Tap Water and the 
water of the Cam. These have been repeated and further experi- 
ments of the same nature have been made on some other waters 
occurring in or near Cambridge, on some specimens of sea-water 
from around the coast and on a few other substances. The method 
of experiment and evaluation is exactly the same as that described 
in the above paper. In the majority of cases the amount of 
emanation which accumulated on standing was just within the 
range of measurement of the author’s apparatus, so that the 
results can rarely be given beyond the first significant figure. 
In many cases a little powdered tale (about as much as will go 
on a sixpence) was added to the sample of water to produce free 
ebullition. This is recommended by Prof. Joly. 


Fresh Water. 


Table I gives the fresh-water results. The results for the 
dissolved emanation in the tap water and Cam water collected 
in February agree very well with the results given in the paper 
mentioned above, but the actual radium content of the water is 
distinctly less. This is no doubt due to the winter's rains. The 
water at Dale’s Brewery is pumped up from a boring 250 feet 
deep which reaches down to the Lower Greensand. The Nine 
Wells water was collected at the springs just as the water flowed 
out from under the Chalk. The Laboratory distilled water gave a 
rather surprising result; one would have expected it to be quite 
free from radium. The sample taken, however, must have been 
rather exceptional, for other samples gave practically no accumu- 
lation and a solution of 200 gm. pure sulphate of sodium also gave 
none. The last three specimens quoted were collected towards 
the end of the long drought of 1911. The Cam water is distinctly 
poorer in dissolved emanation than in the specimen tested before. 


Sea Water. 


It was not intended to emulate Professors Joly and Eve in 
their work on the radium-content of sea water, but as they differ 
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TABLE I. 
=< a Ap 8 & PS 8 Equivalent 
Oras ae 3 >| quantity of 
Specimen of Water and Treatment SSo| we |S an Radium in 
Sia-3| $0 |27> S| grams per 
1911 ° Ss 4 = 8 28 litre of water 
Cambridge Tap Water— 
AoA ae : x a -12 
(1) 24 litres Initial boiling, Feb. 8th |28°8 |11°5 150 x 10 
(+ tale) Reboiled on Aug, 22nd... too | small | to be | measured 
Initial boiling, Feb. 8th | 25-8 | 10-3 _— 135 x 107!2 
(2) 24 litres 
(+25 ce. HCl / Reboiled on Mar. 24th ... “2 
| + tale) "06 | -01 {3354 
a 37 Aug: 22nd... al 
The Water of the Cam— 
‘Initial boiling, Feb. 14th 1:0 “4 — 5x 102 
| eran ){Reboiled on Mar. 24th... | -05 
Rutale 02 | -003 | -3x 10-# 
* 3) AUR 22nd: 05 
Initial boiling, Feb. 14th | 1-2 5 = (lee 
(2) 24 litres 
(+25 ee. HCl { Reboiled on Mar. 28rd... “15 ) 
+ tale) |} 07) -01 | -9x 10-2 
c- 1)~ nig, Oath wiht -2, |} 
Water from Dale’s Brewery— 
Initial boiling, Feb. 17th |37-8 /15-1 — | 196x10-! 
24 litres 
(+25 ce. HCl{Reboiled on Mar. 12th... 2 ) 
+ tale) O21 OL dO 
a AU ea condi. 14 | 
Water from Nine Wells— 
2 litres Initial boiling, Feb. 23rd | 20-0 | 10-0 — 130 x 10-” 
(+20 ec. HCl 
+ tale) (Reboiled on Aug. 28rd ... too | small | to be | measured 


The Laboratory Distilled Water— 
‘Initial boiling, Nov. 24th 


Reboiled on Dec. 6th 


2 litres (tale 


} 
added Dec. 7th) \ 


| 


Queens’ Green Backwater— 

1} lit. + 4cc. HCl, Initial boiling, Aug. 18th 
Pond on Rifle Range— 

1?lit.+4cc. HCl, Initial boiling, Aug. 19th 
The Water of the Cam— 

12 lit. +4cec. HCl, Initial boiling, Aug. 19th 


Mar. 17th... 


” ” 


Aug. 28rd ... 


” ” 


not | measulred 


07 
15 |} -04| 007 | -5x 10-2 
03 
ae ie vl 2x 10-2 
‘01. | -005} — | -07x10-2 
ol ec ee 1x 10-2 
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somewhat in their results, Professor Joly* giving a mean radium- 
content of 16 x 10-” gm. of radium per litre of sea-water and 
Professor Eve+ ‘9 x 10-, it was thought it would be interesting 
while the necessary apparatus was set up to analyse a few speci- 
mens of sea-water from around our coasts. By the kindness of 
correspondents at Hunstanton, Dover and Weymouth, samples 
were obtained from the deep water at high tide off the pier heads 
at these places. The results are given in Table II. 


TABLE II. 
e ei 
“a [Ia Sia a 
SS |§5E.252 Radium 
oH [5-3/8 *2| content 
Speci f Wat A Tonk Be 28 ols a in grams 
pecimen of Water and Treatment a2 Sa z a : | per litre 
2a |S a—/8 858, of water 
Og [O38 3/< | 
i od te) | [oF 
Hunstanton— 
Initial boiling, Dec. 9th | 15 = —-| — 
Reboiled on Dec. 19th... |-6 
34 litres, 3 7) Wan doth. 2 | 
20 ce. HCl 
added Feb. 8th “5 a) Seb. Tee. [cd2\.236) ll 02 16x 10=2 
| + », Mar.22nd... -4| 
: » Aug. 24th... |-3. 
Dover— 
Initial boiling, Jan. 13th not measujred | | 
34 litres | 
Reboiled on Feb. 22nd... | -07 ‘02 -003 *°3 x 10-” 
sh litres taken ) E ‘ ; ; 19 | 
20 ce. HCl} F » Aug. 24th... A 04 007 5x10 
hee | 
Initial boiling, Jan. 16th | -3) | ~— oat = 
OD co cry Reboiled on Feb. 23rd... | -17 | -08 Brel bas 10-2 
»» Mar. 23rd... | -05 | -02 | 004 | °3x10-? | 
si boiling, Jan. 17th | -3 | — — — | 
| | 
Nae a a on Feb. 23rd... | -16 | -08 | -012 | 1:0x10- | 
| 
» Mar. 22nd...| -02 | -01 | 002 | -2x10-® | 
( Reboiled separately = | 


(1) and (2) ...... ees 24th, but the col- 07 02 | -003 “J AlO= 
(lected air added together J 


* Phil. Mag. Sept. 1909. + Ibid. July 1909. 
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The result of adding hydrochloric acid to the water seems to 
send up the amount of emanation liberated. This is evidently 
due to the solution power of the acid on the various salts in the 
water. The results obtained with the Weymouth water on 
March 22nd and 23rd are very low compared to the results of 
February 23rd. The reason for this is not apparent. The result 
of August 24th is in agreement with the low results. On the 
whole the results above agree with Eve’s results rather than with 
Joly’s, but too much stress must not be laid on the results on such 
a small number of analyses. 


TABLE III. 
Peewee 
Sau| SG Equivalent 
223/838 quantity of 
Specimen and Treatment am | So Radium in 
og 2| 88 grams 
Berths 
Mixture of 15 gm. nitial boiling, Feb. 14th 55 — 
ar a Be Reboiled on Mar. 17th... 3 
tilled water 06 4°8 x 107 
PA , Aug. 24th... “4 
Strong hydro- (Initial boiling, Dec. 20th | — — = 
chloric acid, 
pure (3 litre) Reboiled on Jan. 12th ... too | small | to be measured 
Made on Dec. 23rd ...... — — poe 
Bailes) Mac aSola Reboiled on Jan. 13th... “4 
fon | pet socBeb. 27th A. | scGici beamed Sree Bet 
(gm. of ‘fur 
9 a AMI 2 OL we “4 
{ Made on) Jan. 14thy ts... — — == 
| Reboiled on Jan. 26th... | +1 
Sugar Solution ...< : = 
[= 5,  ,, Feb: Qhtegeh) eibeihe ee 0p ee 
| gm. of sugar 
y) » Aug. 24th": oil 
Made in March, 1906 ... = — = 
Reboiled, Jan. 20th, 1911 | — _ on 
Thorium Solution ; 
5°6) 7-7 x 10-1! per 


»  aftera7Ohrs’ rest | 13-8 
| 5°7| 1 gm. of thorium 
hydroxide * 


»  aftera48hrs’rest | 10°5 


* In calculating these results I have assumed that the acid and distilled water 
used was free from radium. 


364 Mr Satterly, On the Radium-Content of Various Substances. 


Various Substances. 


The talc and hydrochloric acid used in the above experiments 
were tested; the results are given in Table III together with 
results obtained from solutions of boiler fur in hydrochloric acid, 
sugar in water and thorium hydroxide in nitric acid. The first 
solution was made by dissolving 273 gms. of boiler fur (obtained 
in a kitchen range from Cambridge water) in 600 cc. strong 
hydrochloric acid and adding 250 ce. distilled water. The sugar 
solution contained 438 gms. of ordinary loaf sugar dissolved in 
about 1 litre of distilled water. The thorium solution was made 
in 1906 by dissolving 5°S gms. of thorium hydroxide in nitric acid 
and making up to 200 cc. with distilled water. The thorium 
hydroxide was obtained from the firm of Armet de Lisle of Paris, 
and the guarantee with it stated that it contained 9:7 x 10-* gms. 
of radium per gram of oxide of thorium. My test in 1911 shewed 
a much smaller amount. Another sample of thorium hydroxide 
obtained from the same firm in 1906 and under the same guarantee 
was found this year to contain 1°6 x 10-” gms. of radium per gram 
of hydroxide. 


Summary. 


(i) Various fresh waters from the neighbourhood of Cambridge 
have been analysed for radium. They all shew a high amount of 
dissolved emanation, much more than can be accounted for by the 
quantity of radium actually in solution in the water. The spring 
waters show much more dissolved emanation than the water of the 
Cam, although the actual radium-content is about the same. 

(ii) Three specimens of sea water have been analysed for 
radium. The* mean radium-content is about 1:0 x 10" gm. of 
radium per litre of sea water. This agrees very nearly with 
Professor Eve’s results and is much lower than those of Professor 
Joly’s. 
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On the Scattered Réntgen Radiation from different Radiators. 
By J. A. CrowTHer, M.A., St John’s College. 


[Read 22 May 1911.] 


It has been generally assumed that the amount of scattered 
Roéntgen radiation from a given mass of a radiator is independent 
of the chemical nature of the radiator. The assumption rests 
mainly on experiments made on elements of low atomic weight*, 
for which the characteristic secondary radiation is either not 
excited or is too small to be appreciable. For elements of higher 
atomic weight than sulphur, the scattered radiation is masked by 
large amounts of true secondary radiation, and, so far as I am 
aware, no experiments have been made to determine the actual 
proportion of the primary Rontgen radiation scattered by these 
heavier elements. 

In the course of some measurements on the distribution of the 
secondary Réntgen radiation, an attempt was made to separate the 
two effects for one or two of the heavier metals, and it was found 
that the results obtained for the scattered radiation were larger 
than should have been expected if the scattering were simply 
proportional to the mass of the radiator. The apparatus was 
not designed to give the actual proportion of the primary beam 
scattered, as there was some uncertainty as to the amount of 
absorption of the secondary beam in the radiator. It was 
decided to repeat the experiments with a modified form of the 
apparatus, 

The apparatus used is shewn in plan in Fig. 1. The ionization 
chamber S used to measure the secondary rays is the one pre- 
viously described. It was mounted on a carriage which could move 
on a circular geometrical slide about a centre 0. P was a small 
ionization chamber, just large enough to include the whole cross 
section of the primary beam. The primary beam was limited by 
the stops A, A to a narrow pencil of rectangular cross section. 
The lead screens LZ, L served to shield the ionization chambers 
from stray radiations. The ionization chambers were connected 
to two electroscopes, mounted on a rigid stand above the rest of 
the apparatus, in the same way as in the previous experiments. 
The radiator R was mounted on an aluminium frame, and could 
rotate on a vertical axis through O, the centre of the slide. It 
could thus be inclined at any desired angle with the primary 
beam. In making the measurements the radiator was set so that 
its normal bisected the angle between the direction of the primary 
beam and the position of the chamber S. In this way it is easy to 


* J. A. Crowther, Phil. Mag. 8. vi, Vol. x1v. p. 653. 
VOL, XV1. PT. IV, 25 
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shew that the absorption of the primary and of the scattered 
radiation in the radiator is at any rate very approximately the 
same. It is thus not necessary to know the exact absorbability 
of the rays used in the material of the radiator. 

Experiments have been made on paper, aluminium, copper, 
nickel, and tin. The two first are not known to emit any homo- 
geneous radiations; the radiations from nickel and copper are 
very soft and could be easily absorbed by a cm. or so of aluminium 
board. The characteristic radiation from tin is very hard and is 
not excited by a soft bulb. The intermediate elements are more 
difficult to work with and have not yet been investigated. 


Fig. 1. 


In every case sufficient positions of the secondary chamber 
were taken to enable the distribution curve of the scattered 
radiation to be determined. In every case the distribution 
characteristic of the scattered radiation was found. 

The results obtained are given in Table I. The first column 
gives the material of the radiator; the second the ratio of the 
intensities of the secondary radiation at angles of 30° with the 
primary beam, in the forward and backward directions, and serves 
as a measure of the eccentricity of the distribution curve. The 
last column gives the whole intensity of the scattered Réntgen 
radiation, as deduced from the intensity at an angle of 90° with 
the primary beam and the distribution curve*. The figures are 


* See J. A. Crowther, Proc. Roy. Soc. A, Vol. yxxxv. p. 41. 
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in arbitrary units and are for radiators having equal masses pet 
unit area. The mass of radiator traversed by the primary beam is 
thus the same in all cases. 


TaBEE -L, 

Radiator I +.30°/T — 30° ae 
PARA bese ied “40 
Aluminium... 2 42 
INwekele 2s. 1°6 1:4 
Copper 2.2.7: Ly 1-4 
ATi pa Seen ton oe crf 22) 


Taking this last column, it will be seen that the intensity of 
the radiation scattered from equal masses of different materials is 
not independent of the nature of the radiator. It increases very 
appreciably as the atomic weight of the radiator is increased. 
Thus the scattered radiation from tin is at least four times that 
from filter paper. Some years ago I shewed* that the scattered 
radiation from hydrogen was mass for mass considerably greater 
than the scattered radiation from air, and higher values were also 
obtained with helium and sulphur dioxide. Assuming that the 
distribution of the scattered radiation is the same for these gases 
as for filter paper, we can include these elements provisionally in 
our Table, and taking carbon or oxygen as unity we get the values 
given in Table II. It will be seen that the scattered radiation is 
a minimum for elements in the neighbourhood of carbon and 
oxygen, and increases both for elements of smaller and higher 
atomic weights. 

Consider now the second column of Table I. The figures give 
the ratio of the intensities in a forward and backward direction, 
and measure the eccentricity of the distribution. It will be seen 
that the eccentricity is not the same for all substances. For paper 
it is comparatively small; for aluminium it is very considerable, 
aluminium shewing by far the largest effect. The values for the 
other elements tried are intermediate between these values, and 
very nearly equal. 

Experiments made with different thicknesses of aluminium 
have shewn that for this element the eccentricity depends on the 
thickness of the radiator employed. The results for aluminium 


* Phil. Mag. S. vi, Vol. xtv. p. 654. 
25—2 
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Thickness 


mm. 
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Element 


Hydrogen . 
Helium .... 
Carbon .... 
Nitrogen.... 


Oxygen .... 


24 
‘61 
1, 
2°04 
3°15 
5°04 


L+.30°/L—30° 


3°2 
2°8 
2°7 
2°3 
2°2 
1°6 


o 


TABLE IT. 


Atomic weight 


TABLE III. 


| 


1:59 
2-43 
3°91 


Relative scattering 
by equal masses 


EY 
Te | 
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radiators of different thicknesses are given in the second column 
of Table III. It will be seen that the ratio of the intensities of 
the scattered Rontgen radiation at 30° with the primary beam, in 
the forward and backward directions respectively, decreases from 
3°3 for a very thin radiator to 1°6 fora fairly thick one. The latter 
value is very near that found for tin and copper. It is probably 
only a coincidence, but it may be worth while pointing out that 
the ratio of the intensities decreases almost exactly exponentially 
with the thickness of the radiator. 

At the same time too much importance should not be attached 
to this variation. Owen has shewn that the eccentricity of the 
distribution of the scattered radiation is very much less for hard 
than for soft rays, and it is possible that the results obtained are 
due, at least in part, to the gradual filtering out of the softer 
constituents from the rather mixed pencil of primary rays emitted 
by the focus tube, as more and more aluminium is placed in the 
path of the rays. 

Measurements were also made of the intensity of the scattered 
radiation at an angle of 90° with the primary beam. ‘The ratio of 
the scattered radiation in this direction to that of the primary beam 
as measured by the chamber P is given in the third column of 
Table III. This ratio divided by the corresponding mass per unit 
area of the radiator is given in the last column of the same Table. 
It will be seen that within the limits of experimental error the 
ratio is a constant. The intensity of the scattered radiation in 
this direction is thus directly proportional to the thickness of the 
radiator. 

The fact that the amount of Réntgen radiation scattered per 
unit mass of radiator was supposed to be independent of its 
chemical nature has been used as evidence that the number of 
electrons in the atom is simply proportional to the atomic weight. 
The fact that this independence is not found to hold good does 
not necessarily disprove this assumption. It is possible that the 
electrons when very closely packed together may influence each 
other’s vibrations. In an earlier paper* I have shewn that the 
amount of radiation scattered by a given atom is independent 
of its state of chemical combination, but it is quite possible that 
the very much closer aggregation of electrons in the atom itself 
may have an appreciable effect. This point is one of some 
importance and is still under investigation. 


* £0c. cit. 


370 Prof. Dizon, The Multiplication of Fourier Series. 


The Multiplication of Fourier Series. By Professor A. C. 
Dixon, Se.D., F.RB.S. 


[Received 27 July 1911.] 


If f(x), g (z) are two functions bounded and summable in an 
interval J enclosing a, b, a+, b+, then 


b 
P(x)=[ fOgt+ oat 


is a continuous function of z For 
b 
F(a) —F (2)|= [ro {g(t +a)—g(t+2)} ae| 


<k[ |y¢+u)-g(t+o) 


if | f(t) | always <k; and this tends to zero with a,—wvifa+a, 
b+a,ata,b+a ae all within the interval J. (Lebesgue, Séries 
trigonometriques, pp. 15, 16.) 

The argument still applies when / is bounded and |g| sum- 
mable and the result may be further extended as follows. 


b 
To assign a value to | ¢ (t) dt when ¢ is not bounded, we may 


dz, 


a 
follow Harnack, enclosing the set of points of infinite discontinuity 
of ¢, supposed to be of zero measure, in a system of intervals e, 
and taking a function ¢, vanishing at the ns of e, and equal to 


@ elsewhere. Then ¢, is bounded, and if if $n (t) dt (in Lebesgue’s 


sense) tends to a limit when the content of e, tends to zero, and if 
that limit is independent of the method of formation of e,, then 


rb 
that limit is taken to be the value of | dh (t) dt. 


In the present case ¢(t)=f(t)g (t+), whose infinite dis- 
continuities are among those of f(t) and g(¢+). Thus a special 
method of forming ¢, is to form 7, and g, on the same principle 
and take their product. Since fr, ga are bounded the function 


b 
Pa(a)=| ful) gu(t +a) dt 
is continuous. 
Now 
F (a) — F(x) = {FP (a) — Fr (a)} 

+ {Fn (a1) — Fn (a)} — (Ff (@) — Fn (@)}, 
and therefore if in any interval of z, F,,(a) tends uniformly to 
F (x) when e, is diminished, F(z) is a continuous function of a. 


Titi 4 
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It is not necessary for this that the limit #’(#) should be inde- 
pendent of the method of formation of e,, and thus the integral 
need not exist: #’(#) may be called a special value of the integral. 

Hence, if the infinite discontinuties of f(a), g(#) can be 
enclosed in a set of intervals e,, of arbitrarily small content, and if 
F, («) denotes 


[no pale eevee 


where fr(#) = 9n(x)=90 within e, and fr=f, gn=g elsewhere: if 
also when the content of e,—»9 according to a certain method 
PF, («) > F (2) uniformly within an interval (a, B) of x, then F(a) 
is a continuous function of « within (a, ). 

D 


In particular if | F(t)g(t+) dt is uniformly and absolutely 


convergent within (a, 8) it is a continuous function of « within 
(a, 8). 

Further, if /(#) has a Fourier series, the sum of that series 
as found by Césaro’s method of arithmetic means, say for con- 
venience the “mean sum,” is equal to (x) since F(z) is continu- 
ous. Suppose then that fg have the period 27 and that a=0, 
b=27; let A,, B, be the coefticients of cos px, sin px in the 
Fourier series of #’(z), and 4A, the constant term. 


2a 
TA » =) F (2) cos pada. 
0 
Qar Qa Qa 
i F,, (x) cos peda = | Tn (t) gn (t + @) cos pxdtdx 
0 0 0 


Qn fQr 
_ / | Fn (t) In (t+ @) cos pudadt, 
Jo J0 


since the subject is bounded, 


Qn f2r+t 
={/ [ Fn (t) In (u) cos p (u —t) dudt 


9 / 7 
= 7° (Gn, pO'np + On,pb'n,p)s 


where Gn, », bn,» are Fourier coefficients of f,, and an, », b’n,» Fourier 
coefficients of gp. 


Thus Ap=T (Apap + dyby), 
Qa ° Qtr 
if (1) | F(x) cos prdx = lim F, (x) cos pada, 
0. J0 
and (2) Gn», On,p, @'n,p, 5’n,p tend to limits ay, by, ay, by’. 
Under like restrictions by the same method 
Byp=T (dpby — Ap by), Ay = WAyAy. 


One of the restrictions (2) is that a,,, must tend to a limit, 
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that is, @m,» —4n,p must —»0 when m,n are both increased in- 
definitely in any way. Now 
2r 


Am,p — Cn, p =) lefen ()—fn (t)} cos pt dt, 


and this range of integration may be broken up into 4p parts 
(0, /2p) (7/2p, m/p)... in each of which cos pt is of constant sign 
and monotone. Hence by the second mean-value theorem each 


B 
of the 4p parts may be put equal to | (fn —Jfn) Ut for some values 
of a, B belonging to the part. Hence, if over every partial 


interval 


(fim —fn) dt | <e, where ¢ is the same for all intervals 


and —»0 when m, are increased, the limit a, exists for any finite 
value of p; similarly for bp, a,’ by’. 

The restriction (1) is similarly satisfied if over every partial 
interval 


‘[@-Fiat 


where ¢ is the same for all intervals and — 0 when n is increased, 
and we have further implied the existence of the limit # for all 
values of « except at most a set of measure zero. 

There is no real loss of generality through putting «=0, since 
by applying the theorem so modified to f(¢) and g (t+ a), we can 
deduce it for any other value of 2 Hence the following result: 
the mean sum of the series 


2 Qn 
kaya) + = (app + byby’) is equal to =| (2) 9 (a) da, 


where the integrals involved, including the Fourier constants a, 
b,..., have their special values and the functions satisfy the 
following conditions: 


(a) | (fu—fu) de 


for all intervals not exceeding 27 and tends to zero when m, n 
are both increased indefinitely in any way. 


[Gm — Jn) da | . 
(c) F,(a) or [ "fa (t) gn (t+ 2) dt tends to a limit F(a) for all 
0 


values of # except possibly a set of zero measure. 


_(d) F,,(#) tends uniformly to F(z) in an interval including the 
origin. 


<G& 


<e over any interval, where e is the same 


(b) the same is true for 


(e) [ar dt | <e over any interval, where ¢ is the same 
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for all intervals not exceeding 27 and tends to zero when n is 
increased indefinitely. 

Of these (a), (b) are necessary for the existence of the Fourier 
constants of f, g in the special sense, (d) secures the continuity of 
F(a) at the origin and may be replaced by any other condition 
securing the continuity at the origin of the limit of the sequence 
of continuous functions #,: some condition of this nature appears 
to be indispensable, but it would be enough if it secured the con- 
tinuity of F(#) + F(—~x), the limit of the sequence 


F,, (@) 45 Be (— x), 


when «=0. The conditions (c), (e) do not at first sight seem so 
necessary. 

When the integrals of f, g over the whole period 27 converge 
absolutely, say to A, B, the conditions (a), (b) are satisfied and so 
are (c), (e), as will now be proved. All cases may as usual be 
reduced to that in which f, g are always positive. 

The auxiliary functions f,, g, will now be taken so that 
fn=Ln when f>L, and g, = L, when g> L, and L,— © with n. 

Since f(x), g (x), fn(#), Jn(#) are separately measurable* in a, 
it follows that f(x) g (z +y) and in (@) Jn (e+ y) are measurable in 
the plane as well as in # only. Let @ denote the square, each of 
whose sides is 27. Then since f,, gn are limited we have 


Qn pln ; 
i. |, Fn (t) Gn (E + x) didx = II J (t) Jn(t + x) (dtdz) 


Qn f2r 
=f i | Fae edt 
0 0 
=o Wo ea amet pein pea recep (1), 


where e now means “an arbitrarily small quantity.” 

Thus a limited function, namely f, (t) gn (t+), exists which 
nowhere exceeds f (¢) g(t +.) and whose double and both repeated 
integrals over Q are arbitrarily near to AB. 

To prove the convergence of the double integral let ¢ (2, t) be 
any bounded function in Q which is always positive but nowhere 
exceeds f(t)g (t+). Let K be the upper limit of ¢ (z, f). 

Then ¢(2,4)+fr(+on(t+2)+1 has K+2L,+41 for its 
upper limit and it nowhere exceeds {1+/(é)} {1+ g(¢+.)}. This 
expression has the advantage for our purpose that its factors have 
a lower boundary at least equal to 1. 

Now take m so that L,, >K +2Z,, and it is impossible for 


(2, t) + fn (t)+ on (t+ 2) 4+1 
to exceed {1 +fin (t)} {1 + Im (t ot x)}. 


* As in the later writings of Lebesgue and others, ‘measurable’ differs from 
‘summable’ in not implying the convergence of the integral. 
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If this were possible we should have 
1 +f} +9 (E+ 2} > (1 +fnO} 1+ gm (¢+2)}; 
and therefore 1+f(@)>1+fn(d), 
or else l+g(t+2)>1+9m(t+ 2), 


or both. If we suppose 1+/>1+ fn, we have fna=Lm, and 
therefore 


(1 +fm) (1 + 9m) = (1+ Lm) x 1 
>1+2L,+ K 
>1+fn(t)+gn (t+ 4) + (2, 2), 
which is contrary to supposition. Similarly if 1+g>1+ gn. 
Hence 
(a, t)+fr(t+gn(t+2)+1 


< fin (t) Jm(t + 2) + fin (t) + Ym (t+ 2) +1, 
and * 


I | Be (a, t)(dtda) < | | J” (t) Im (t +.) (dtdz) 
sf | | yitm (t) — fn (t)} (dtdz) 


<AB+t+e 
< AB. 


Since ¢(z, t) is any bounded function which nowhere exceeds 
f()g(t+2) this result shews that the double integral of 
f (t)g (t+) over Q is convergent, and therefore by (1) equal to 
AB. 


As to the second repeated integral [ “F (x) dx, let ® (x) be any 
“0 
limited positive function of « which nowhere exceeds /'(z). Then 
by the nature of the improper integral #’(#) we have, if a is any 
positive quantity, 


20 
(o)-a<] G (t, x) dt, 
0 


where G(t, z) is limited and positive and nowhere exceeds 
fag t +2). 

: We do not need to assume that G is summable in the plane, 

for if G, 1s limited and summable in the plane and everywhere 

> G, we have 


ie i G,(t, x) dtdx <|| 6 (t, x) (dtdz) 


sup sup 


* The suffix ‘‘sup’’ indicates the upper Lebesgue integral. 
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(Hobson, F. R. V. p. 580; Lebesgue, Annali di Mat. ser. 3, vol. VI, 
p. 279). 
Thus, 
29 (2r 
| | G(t, a)dtde <|[ G(t, «)(dtde) + ¢ 
0 Jo JJQ 


sup sup sup 


< | | (ba) (deder 


sup 
2a 


2a Qa 
and since [ @(x)dx—-—2Tra< i | G (t, x) dtdx, 
Jo 0 Jo 
sup sup 
where a may be made small, while 


| {Olt (dda) < | | fg +0) (atde) ov AB, 
sup 
we have |e (2) dx < AB, 
: 0 


sup 


20 
so that | F' (x) dx converges and by (1) has the value AB. It 


0 

follows that the values of # for which F'(z) itself diverges form a 
set of measure zero, and thus the conditions (c), (e) are both 
satisfied. 


Qar Qr 
Hence, if | JS (a) dx and i g(a) dx are absolutely convergent 
0 0 
the mean sum of the series 4a,a) + S (apap + byb,’) is equal to 
1 


Qa 

: i I («)g (x) dx, provided that F,,(«) tends uniformly to F(x) in 
0 

an interval including the origin: it follows that the mean sum of 


the series 4a a) + = {(Ap Ap’ + bybp’) cos pa + (dpbp’ — dp'by) sin pa} as 
1 


20 
equal to f | F(t)g (t+ x) dt, provided that F,,(«) tends uniformly 
TJ0 


to F(a) in an interval including «, and for the condition of uniform 
convergency there may be substituted any less stringent condition 
which secures the continuity at x of the limit F’ of the sequence of 
continuous functions F’,. 

[Several important papers by W. H. Young on this subject 
have lately appeared in the Proceedings of the R.S. and L. M.S. 
The present is a sequel to one by the writer in these Proceedings, 
vol. 15, pp. 210—216.] 
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The Photo-Electric Effects of Certain Compounds. By A. LI. 
Huaues, M.Sc., B.A., Research Scholar of Emmanuel College. 
(Communicated by Professor Sir J. J. Thomson.) 


[Received 18 August 1911.] 


Our knowledge of the ionization by ultra-violet light is mainly 
derived from experiments on the emission of negative electricity 
from metallic surfaces exposed to the light. The number of 
experiments recorded on the ionization of gases by ultra-violet 
light is small in comparison. The only experiments that have 
been made on the nature of ionization by ultra-violet light are those 
on the mobility of the ions produced. At present, the conditions 
to be fulfilled before ionization of gases by ultra-violet light can be 
obtained are such that it is very difficult to make any experiments 
on the mechanism of the ionization by light. Thus light of wave 
length less than about X1350 is required before any appreciable 
ionization is obtained in air, and the fluorite of the necessary 
transparency is rare and expensive. Moreover, special arrange- 
ments have to be made to avoid a photo-electric effect (which 
may be big enough to mask the ionization in the air) due to 
scattered or reflected light at the surfaces of the electrodes. A 
few vapours, such as mercury* and authracene7, can be ionized by 
the ultra-violet light from a mercury arc, but experiments on such 
vapours are difficult because the whole apparatus has to be main- 
tained at a high temperature. 

That our knowledge of the nature of ionization by a, 8, y and 
X-rays is much more definite than that of the nature of ionization 
by ultra-violet light, is largely due to the fact that experimenters 
have found it most convenient to study the ionization by a, B, y 
and X-rays in a gas or vapour. The interpretation of ionization 
experiments on gases is greatly facilitated by the comparative 
simplicity of our conception of a gas. When we study ionization 
by ultra-violet light at a solid surface, we are not only handicapped 
by the want of a simple theory of the molecular state of a solid, 
but, in addition, our experiments are liable to much greater 
uncertainty. The absorption coefficient of these photo-electrons 
is so large that those which emerge from a metal surface can only 
come from an exceedingly thin layer, probably not many molecules 
in thickness. Conclusions involving the nature and properties of 
the solid become doubtful when we consider that the effective 
surface layer is probably appreciably different from the rest of the 
solid. Films of condensed gas, oxide, etc., can only be avoided by 


* Steubing, Phys. Zeit. 1909, x. 787. 
+ Stark, ibid. x. 614. 
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special precautions, and, even then, it cannot be said with confidence 
that the effective surface layer is the same as the interior. Such 
considerations illustrate the uncertainties attending the interpre- 
tation of experiments on solids, and indicate how they may be 
avoided by investigations on gases instead of on solids. The 
problem, therefore, was to find some gas or vapour which could be 
ionized at ordinary temperatures by light of moderately long wave 
length such as the mercury are emits. It appeared most likely 
that the desired result would be obtained with vapours containing 
elements which are known to be photo-electric. 

The vapours tried were carbon bisulphide, carbon dioxide, tin 
tetrachloride, and zinc ethyl. In no case was there any trace of 
ionization observed, using the light from a mercury are (shortest 
wave length about 42300). 


Carbon bisulphide. 


The ionization chamber was a zinc cylinder of 44 litres capacity 
and arranged as in fig. 1. The inner electrode was made of linen 
gauze, the threads being about 3 mms. apart. The gauze was 
covered with soap solution to diminish the surface effect. The 
photo-electric effect at the zinc surface was avoided by always 
working with the ionization chamber at a positive potential. The 
light from a quartz mercury lamp (10 cms. away) passed into the 
chamber through a quartz window 3°8 cms. in diameter. When 
the apparatus was filled with air, there was a small leak due to the 
photo-electric effect at the inner electrode, which shows that the 
soap solution is photo-electric to a certain extent. The leak 
increased slightly with the potential, a variation which is charac- 
teristic of surface effects in the presence ofa gas. This is shown in 
the following table. 


Potential of case Leak 
+ 400 volts | 35-2 x 10-® amp. 
+200 ,, ee el 
en BOD i3 23°0 x ss 


On drawing air into the apparatus through CS, and a plug of 
cotton wool to keep out nuclei, it was found that the leak had 
disappeared. After allowing for the natural leak, the leak due to 
the light, if any existed at all, was certainly less than ‘2 x 10-“ amp., 


378 Mr Hughes, The Photo-Electric 


the case being kept at +400 volts. This shows that not only was 
there no ionization in the CS, due to the light, but also that the 
CS, absorbed the light, which caused the inner electrode to emit 
negative electricity. This might be expected from the spectro- 
scopic result that CS, vapour has an absorption band from - 
3300 to A2980*. Incidentally, it shows that soap-solution is not 
photo-electric to light of wave length greater than 13300. The 
sodium in the soap solution is, of course, photo-electric with visible 
light. 

Let us now calculate the order of the leak to be expected in 
the CS, on the assumption that chemical combination does not 
affect the photo-electric properties of carbon. A current of the 
order of 10— amp. per sq. cm. has been obtained from a carbon 
surface placed at a distance of about 10 cms. from the arc. Now 
the aperture of the quartz window is 7 (1'9)? sq. ems. or 11 sq. cms. 
On the above assumption we should expect a leak of 11 x 10° amp., 
or say 10-°amp. But experiment shows that the leak was certainly 
less than ‘2 x 10—* amp. or about 10° times less than that calcu- 
lated as above. If we consider that the number of electrons which 
emerge from a carbon surface is probably only a fraction of the 
total number produced there, then this number 10° is an under- 
estimate. 

Some earlier experiments which I carried out on CO, showed 
that it was as difficult to ionize as air. The wave lengths used in 
the experiments referred to were considerably shorter ( 41500) 
than those employed in the present experiments. 


Zinc ethyl. 


The apparatus used for this experiment is shown in fig. 1. The 
volume is 500 c.c. On account of the chemical properties of zinc 
ethyl, quartz insulation was used instead of ebonite and the inner 
electrode (a ring crossed by a few fine wires) was covered with 
soot instead of soap solution as in the previous experiment. On 
the right is a simple apparatus B for measuring the leak from a 
zinc plate in vacuo. The ionization chamber had two quartz 
windows so that the absorption of Zn(C,H;), for ight causing a 
photo-electric effect at the zinc plate could be observed. 

When the ionization chamber was evacuated, the photo-electric 
current from the zinc plate in B was 480 x 10“ amp. On admitting 
Zn (C,H;), at 6 mms. to the ionization chamber, the leak was how 
reduced to zero (certainly <1 x10-" amp.). This shows that the 
Zn (C.H;), absorbs all the light which causes Zn to emit electrons. 
Let us now calculate the leak to be expected in the Zn(C,H;)o, 
assuming that the photo-electric properties of Zn are unchanged 


* Pauer, Wied. Ann. uxt. p. 376. 
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by combination. The ratio of the light received by the ionization 
chamber to that received by the Zn plate is approximately 


m(l9y\ M2) 
(s ) “(4 a ) ~ 2000. 
The 8 and 4 refer to the lengths of the mercury are seen from the 
ionization chamber and the zinc plate respectively. The expected 
leak is therefore 2000 x 480 x 10—” amp. or 960,000 x 10~% amp. 

With pure dry H, in the ionization chamber (at a potential of 
+200 volts), the leak was 21500 x 10-” amp.—the photo-electric 
current from the inner electrode. After evacuating the chamber 
and admitting Zn(C.H;,), at a pressure of 6 mms., the leak became 
too small to measure; it was certainly less than 2 x 10-% amp., or 
at least 5 x 10° times less than that from a zinc surface receiving 
the same amount of light. 


= ----=+ 3§tmé. -- - -=- ++ = ==- > 


Hg are 


+200vctks 


| _te electrometer 
Fig. 1. 


The ultra-violet light is totally absorbed by the Zn(C,H;), in 
the one experiment and by the metallic zine in the other. If any 
electrons had been emitted from the molecules of the vapour they 
would all have contributed to the ionization. On the other hand, 
it is certain that only a fraction of the electrons emitted from the 
molecules in the surface layer of the solid can get away from the 
surface, the majority of the electrons being absorbed. As we can 
only measure experimentally the number which emerge from the 
surface, it is clear that there is a large margin of safety when we 
say that the number of electrons emitted from the molecules of 
solid zinc is at least 5 x 10° times as great as the number emitted 
from the molecules of the vapour Zn (C,H;)., the same quantity of 
light being absorbed in both cases. 

In view of some experiments (described later), in which most 
of the solid compounds tried were found to emit negative electricity 
when exposed to ultra-violet light, it was thought worth while 
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testing solid Zn(C,H;),. The apparatus is shown in fig. 2. As 
the mercury lamp could not be used in such a position as to send 
the light downwards, a reflector of quartz backed by mercury and 
tinfoil was made and mounted as shown. At the bottom of the 
tube was a thin sheet of zinc. The photo-electric leak (in vacuo) 
from this was small; the beam of light had to pass through rather 
narrow apertures to confine it to the zinc surface and probably a 
considerable amount of light was lost at the mirror. Enough 
Zn (C.H;), was distilled from a side tube to cover the zine sheet 
and then frozen by liquid air. (It was necessary to work with 
the substance at a low temperature on account of the absorbing 
power of the vapour.) There was now no measurable leak; a 
leak 100 times less than that from the Zn could have been 
detected. The apparatus was not sensitive enough to detect 
whether the solid Zn (C,H;), surface possessed a real photo-electric 
effect less than 1 °/, of the effect for zine. 


Fig. 3. 


A preliminary experiment showed that Zn (C,H;,), had sufficient 
conductivity for the experiment. Two wires, the ends of which 
were 3 mms. apart, were dipped into the liquid and a potential 
difference of two volts applied. At ordinary temperatures, a 
current of 25 x 10" amp. was obtained, and at the temperature 
of liquid air the current fell to 8 x 10-" amp. 


Tin tetrachloride. 


Experiments were carried out on SnCl, using the apparatus 
shown in fig. 1. When the apparatus was completely evacuated 
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and the case at + 200 volts, there was a leak of 1°5 x 107” amp. 
(from the inner electrode) due to the light. On admitting SnCl,, 
the leak became too small to measure (a leak of 2 x 107% amp. 
could have been detected). By altering the temperature of the 
liquid SnCl, in the side tube, different pressures of the vapour 
could be obtained in the apparatus. No leak was observed even 
when the liquid SnCl, was at its melting point. This illustrates 
the great absorbing power of SnCl, for the light which causes the 
carbon on the inner electrode to emit electrons. 

The above results show that certain elements (C, Zn and Sn), 
when combined with other elements to form vapours, lose their 
power of emitting electrons when exposed to ultra-violet light. 
Some experiments were made on the effect of ultra-violet light 
on a number of solid compounds. In every case it was found that 
they were photo-electric, some giving nearly as large a current as 
the zinc. The results quoted below are only intended to exemplify 
this statement. Slight variations in the method of preparing the 
surfaces of the compounds were found to produce great differences 
in the photo-electric effect. Further experiments on these varia- 
tions must be carried out in order to obtain reliable comparative 
figures for different compounds. 

The apparatus is shown in fig. 3. A and B are two similar 


tubes. The leak from the Zn plate in A is used to standardize 


the light, and the Zn plate in B is covered with the compound to 
be tested. The leaks were always measured in a charcoal liquid 
air vacuum. 

The photo-electric current from ZnCl, increased quite regularly 
as the surface became drier in the vacuum. The surfaces 1, 2, 7,9 
and 10 were prepared by dipping the Zn plate into the fused salt, 
a film of which immediately solidified on the surface. The surfaces 
3, 4 and 6 were formed by heating the salt with or without a little 
water until the salt dissolved in its own water of crystallization. 
The Zn plate was then dipped into the liquid. Surfaces 8 and 9 
were prepared by simply pressing the (chemically prepared) 
sulphide on the Zn plate. 

The vapours CS,, Zn(C,H;)., and SnCl,, while showing no 
indication of ionization by ultra-violet light, strongly absorb the 
light which produces photo-electric effects in certain of their con- 
stituent elements. It is very probable that the absorption in the 
compound is due to that part which is photo-electric when uncom- 
bined, viz. C, Zn and Sn. In the case of the Zn (C,H;),, the H, is 
known to be perfectly transparent for all known wave lengths in 
the ultra-violet, and if the absorption is to be attributed to certain 
atoms in the molecule rather than to the molecule as a whole, then 
the absorption is due to the Zn and C. 

If we consider that the least energy required for the removal 
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of an electron from a molecule is proportional to the smallest 
frequency which produces ionization, then the above results 
indicate that the electrons are more firmly attached to the mole- 
cules of the above vapours than to the photo-electric elements. A 
view has been put forward by Stark* that the electrons involved 
in the photo-electric effect are the valency electrons. When a 
metal enters into combination, more energy is required to remove 
the valency electron than before and hence shorter wave lengths 
are required to produce ionization. Reasoning on these lines, one 
might expect that the more stable the compound, the shorter is 
the wave length of the light required to produce a photo-electric 
effect. Yet we find that certain solid compounds of Zn (ZnCl, and 
ZnSO,) are photo-electric, while the apparently less stable vapour 
Zn (C,H;). cannot be ionized by the same light. The existence of 
a photo-electric effect in most of the solid compounds tried and its 
absence in the gaseous compounds suggest that an investigation 
might be made on the effect of ultra-violet light on the same 
substances when in the gaseous state and when in the solid state. 
An experiment on solid and gaseous Zn (C,H;), was described above. 
It is proposed to continue the investigation in this direction. 


Summary. 


It has been shown that there is no trace of ionization in the 
vapours carbon bisulphide, tin tetrachloride and zine ethyl when 
they are exposed to the ultra-violet light from a mercury are. For 
the same amount of light energy, the leak from a zinc or carbon 
surface would be of the order 10° times that of the smallest effect 
which could be measured in these experiments. 


I have pleasure in thanking Professor Sir J. J. Thomson for his 
interest in these experiments. 


* Stark, Phys. Zeit. 1909, x. 787. 
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Compound 


Photo-electric current 


Remarks on preparation 


(from Zn=1) of surface 
1. ZnCl), (a) ‘06 to 08 Surface wet after exposure 
(increasing regularly) to air before putting into 
apparatus 
2. ZnCl, (6d) | 24 to 63 Only a few minutes’ expo- 
| (increasing regularly sure to air. Appeared 
for 20 hours) quite dry 
3. ZnSO, (a) 6 Melted with addition of 
water 
4. ZnSO, (6) | "12 to 07 Melted without addition 
of water 
ily JA. ee 07 
6. SnCl, (a) + 0016 Heated for short time until 
it became semi-fluid 
7. SnCl, (6) | 2°12 | Fused for a long time. 
Dark yellow in colour 
fee, EOS ie... ‘02 
O°; 3 ee aie _ Practically an insulator 
| 10. NaOH 93 to 53 _Surface appeared quite 


| (decreasing regularly) 


dry 
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On the Spores of some Jurassic Ferns. By H. HAMSHAW 
Tuomas, M.A., Downing College, Curator of the Botanical 
Museum, Cambridge. 


[Read 8 May 1911.] 
(Piate IIT.) 


With the aid of a grant from the Gordon Wigan Fund, I have 
been investigating the fossi] Hora of the Jurassic Rocks of York- 
shire, and the object of this paper is to record the discovery of the 
spores and sporangia of two common Bathonian Ferns, Coniopteris 
hymenophylloides (Brongn.) and Todites Williamsoni (Brongn.). 
Further details with regard to these species will probably be given 
in papers which I hope to publish later. 

Coniopteris hymenophylloides was first described by Brongniart * 
in 1828. It is particularly common in the Lower Estuarine Series 
exposed between Whitby and Hayburn Wyke, while fronds showing 
similar characters have been recorded from Poland, South Russia, 
Siberia, China, Japan, India, Virginia and Greenland. In several 
cases the fertile fronds with a much reduced lamina and a cup- 
shaped indusium have been figured, though the details of the 
sporangia and spores do not appear to have been hitherto de- 
scribed. Raciborskit has found fertile fronds on which the 
sporangia could be faintly distinguished, and Prof. Sewardt{ has 
figured a drawing made by Dr Nathorst of a specimen of C. 
quinqueloba (Phill.), a closely allied species, in which a group of 
annulate sporangia are seen. 

Last year I discovered a fertile specimen of this fern in the 
Lower Estuarine Shales at the top of Howdale Beck, Robin Hood’s 
Bay, which was very well preserved (cf. fig. 1). No sporangia 
could be distinguished inside the indusium, but in the rock in 
which the specimen is embedded numerous remains of sporangia 
are seen. Coniopteris hymenophylloides is the only fern found in 
this bed and hence the specific identity of these sporangia with 
this species is rendered highly probable. 

The sporangia are about -4—’5 mm. long and tend to have a 
somewhat oblong shape. The annulus is very clearly seen and is 
composed of large cells (cf. figs. 2, 3). Though none of the 
specimens are quite perfect, there can be little doubt that the 
annulus was obliquely disposed. Sporangia of a very similar 

* Brongniart, Hist. Veg. Foss., p. 189, Pl. nvr. fig. 4, 1828. 


+ Raciborski, Flora Kopalina Krakowskich, Pl. 1v. 1894. 
+ Seward, Jurassic Flora Yorks., p. 114, Fig. 15, 1900. 
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shape and possessing an oblique annulus that can be closely com- 
pared with the Howdale specimens, are found in several modern 
representatives of the Cyatheaceae. In Thyrsopteris elegans 
Kze. they are somewhat similar in shape and are identical in size, 
while Diels* has also figured sporangia of Hemitelia which present 
a close agreement with my figures. 

I have obtained specimens of spores from the Yorkshire ex- 
ample figured (fig. 1), but better preparations of these structures 
have been made from specimens from Kamenka, South Russia, 
which I have recently examined. One of these specimens is shown 
in fig. 4. By treating the contents of some of the sori with 
nitric acid and potassium chlorate, in the method recommended 
by Dr Nathorst, the remains of the spore-walls became clearly 
visible. As seen in figs. 5 and 6, the spores are small bodies about 
‘04 mm. in diameter and markedly tetrahedral in shape. They 
have a very delicate wall and show clearly the tetrad scar. They 
are almost identical in every respect with the spores of Thyrsopteris 
elegans, some of which are shown in fig. 7. Several other Cyath- 
eaceous ferns possess similar spores. 

The present observations lend considerable further support to 
the opinion which has been held for some time that Coniopteris 
is closely related to the modern Cyatheaceous ferns. Some authors 
have substituted the generic name of Thyrsopteris for that of 
Coniopteris, and while I have shown that the sporangia and spores 
of the two forms are very similar, yet they are probably also very 
like those of other Cyatheaceous forms and cannot be relied upon 
to support this conclusion. 

Fertile fronds of Todites Williamsoni (Brongn.) from Yorkshire 
have long been known, and Schenk, Raciborski, and Zeiller have 
described the sporangia of closely allied species. A mass of the 
spores of this plant has been obtained and figured by Dr Nathorst + 
but no details can be made out from his figures. I believe that 
this is the first time that any details of the spores and sporangia 
have been made out from our English specimens. 

I have recently obtained from the famous Gristhorpe Bay 
plant-bed several very fine specimens of this plant. A number of 
them show fertile pinnae with sporangia almost completely covering 
the backs of the pinnules. Some of the sporangia are fairly well 
preserved, they are 3—'4 mm. in diameter, being about half the 
size of the sporangia of T'odea barbara. They appear to have been 
exannulate ; the wall of the sporangium consisted of a network of 
somewhat thickened cells radially arranged round a group of 
smaller cells which seem to occupy the apex (fig. 8). No very 


* Diels in Engler and Prantl, Pflanzenfamilien, Vol. 1. 4, p. 130, fig. 82. 
+ Nathorst, Palaeobot. Mitteilungen, 4. K. Svenska Vet. Acad. Hand., Bd 43, 
No. 6, Taf. 1, fig. 7, 1908. 
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satisfactory specimen of a sporangium which has dehisced was 
recognised, though Zeiller* has figured such specimens, in which 
the line of rupture is lateral. It is clear from the examination of 
these sporangia that they differed somewhat from those described 
by Raciborski and also from those of the modern Osmundaceae, 
for they appear to have a group of cells with walls of uniform 
thickness, regularly arranged round the apical part of the sporan- 
gium, and not a small group of thickened cells laterally placed. 

Since this paper was first written Dr T. G. Halle has shown 
to me the results of his examination of some fertile specimens of 
Cladophlebis denticulata. The sporangia of this form are pear- 
shaped bodies and appear to possess a cap of thick-walled cells 
covering their apical portion and more or less radially arranged. 
These sporangia if viewed from above would present an almost 
identical appearance with those of my Gristhorpe Todites, and on 
closer examination of the latter by Dr Halle’s method, I have 
also seen indications of thinner-walled cells in their basal region. 
In his papert Dr Halle points out that his sporangia differ 
markedly from those of the modern Osmundaceae and also from 
those previously figured as Todites, he therefore has given his 
specimens the new generic name of Cladotheca. But though 
they differ from the Osmundaceae, as he points out, yet they are 
doubtless closely allied to the English Todites, and it is doubtful 
whether the difference in the arrangement of the sporangia on 
the pinnules is a sufficient ground for separating off this new 
genus Cladotheca from Todites. 

When some of the sporangia of Todites are removed and 
treated with the clearing solution, the spores which they contained 
become clearly visible. Since the spores adhere closely together 
it is rather ditticult to make out even the approximate number 
which was produced in each sporangium, but it appears to have 
been of the order of 100. The individual spores are about ‘06 mm. 
in diameter ; they show a thick cuticular wall, and possess a much 
darker brownish colour than the spores of Coniopteris. The wall 
may have been slightly sculptured. They are usually crushed so 
as to give the appearance of a spindle-shaped fold in their interior, 
but though this fold is seen in most of the spores its significance 
is not clear. In many cases the tetrad marking can be seen to be 
formed of three fine lines; it is not so conspicuous as in Coni- 
opteris. 

On comparing these spores with those of the modern Todea 
barbara, several points of resemblance are noticeable. The modern 
spores are spherical bodies of about the same diameter (‘05 mm.) 

* Zeiller, Flore. Foss. Tonkin, p. 42, Pl. 111. figs. 1c—f, 1902. 


+ Halle, On the fructifications of Jurassic fern-leaves of the Cladophlebis den- 
ticulata type, Arkiv for Botanik, K. Sv. Vet. Acad. Bd 10, No. 15, 1911. 
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with a rather thick and slightly sculptured exospore. They also 
have a fine tetrad scar. 

The spores therefore provide further points of resemblance 
between the Jurassic and the modern genus. 

Specimens have also been found in Yorkshire showing the 
sporangia of Laccopteris polypodioides and Matonidiwm Goepperti, 
which show similar characters to those already figured by Schenk * 
and Prof. Seward+. Some specimens of separate pinnules probably 
of Cladophlebis lobifolia (Phill.) have also been found in the 
Gristhorpe Bed. One of these was in a fertile condition, each of 
the pinnules bearing several small sori. There is a similar fertile 
specimen in the Naturhistoriska Riksmuseum at Stockholm, 
which was collected in Yorkshire by Prof. Nathorst some time 
ago, which is probably the example figured by Prof. Seward in 
his Jurassic Flora}. The lamina of the fertile pinnules is slightly 
reduced and small swellings are seen at the edges of four or five 
of the lobes. Each of these was a sorus completely covered by 
an indusium, and very similar in appearance to those of the 
modern Dicksonia antarctica§. No sporangia have yet been seen 
attached to the fronds, but small annulate sporangia were seen in 
the matrix near the pinnae and might possibly have belonged to 
this species. One of the sori of the Stockholm specimen was 
removed and treated with acid, and a large number of small 
spores were then seen. These were about ‘04mm. in diameter, 
tetrahedral in shape and had the usual tetrad scar marking (see 
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Spores of Eboracia lobifolia. x 200. 


It was at once noticeable that, in their form and appearance, 
these spores showed a much greater resemblance to those of 
Coniopteris and the Cyatheaceae than to those of Todites and the 
Osmundaceae. 

The occurrence of these sori and spores makes it now possible 
for us to remove Cladophlebis lobifolia from the old form genus 


* Schenk, Flora Nordwestdeutschen Wealdenformation, Palaeontographica, 1875. 

+ Seward, Jurassic Flora Yorks., p. 8&5, fig. 11, 1900. 

+ Ibid., p. 149, fig. 23. 

§ Raciborski has figured similar specimens under the name of Dicksonia 
lobifolia. Pamiet. Mat. przy. Akad, Umiej. Pl. xi figs. 1—3, 5—6, 1894, 
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Cladophlebis, which is associated to some degree with the Osmun- 
daceae. There are not sufficient grounds for placing it in the 
genus Dicksonia, as Raciborski has done; and while it is related 
in the character of its sori and spores to Coniopteris, yet the 
form of the fertile fronds is very distinct. It may be provisionally 
placed in a new genus Hboracia*, but the fuller description of 
this genus will be reserved until more material has been obtained. 


EXPLANATION OF FiguRES oN Puate III. 


Fig. 1. Part of fertile frond C. hymenophylloides from Howdale, 
x3. Figs. 2,3. Sporangia of same, x 38. Fig. 4. Fertile frond from 
Kamenka, x 2. Fig. 5. Separate spores from this specimen, x 230. 
Fig. 6. Group of spores, x 230. Fig. 7. Spores of Thyrsopteris 
elegans, x 230. Fig. 8. Sporangia of Z'odites Williamsoni, x 35, Fig. 9. 
Spores of same, x 230. 


* It was first found in the county of which York (Lat. Eboracum) is the 
capital. 
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The Discharge of Spermatozoa by Unio pictorum. By OswaLp 
H. Latrer. (Communicated by Dr SHIPLEY.) 


[Received June 1, 1911.] 


I am not aware that this phenomenon has ever been witnessed 
in circumstances so favourable as fell to my lot on the morning of 
May 18th, 1911. On the previous day I had transferred the 
mussel from an aquarium, which has always been replenished with 
ordinary tap-water, to another that had recently been provided 
with fresh river-sand and filled up with rain-water for the accom- 
modation of some toad tadpoles. On entering the laboratory 
shortly before 8 a.m. on the 18th I at once perceived that the 
Unio had journeyed all round the aquarium, travelling between 
three and four feet, and had come to rest close against an Anodonta, 
which I had introduced at the same time. A closer inspection 
revealed a fine double stream of milky substance issuing rapidly 
from the exhalant aperture, rising nearly to the surface, and then 
falling as a diffused cloud. The two streams were slightly 
divergent, and both somewhat obliquely directed in an anterior 
direction. The amount of material emitted was so great that 
the whole of the water in the aquarium, measuring 2 ft. 6 in. in 
length, 10 in. in width and filled to a depth of about 7 in. with 
water above the sand, was very soon rendered cloudy throughout. 
The phenomenon continued for some hours and had not entirely 
ceased at 12.30 p.m. ‘The emission appeared to be under control, 
for a slight shaking of the floor was followed by a cessation of the 
streams, though the ordinary exhalant current of water appeared 
to continue without interruption. 

I secured samples of the ejected matter and found it to consist 
of myriads of spherical spermatophores, measuring about ‘(02 mm. 
in diameter. The heads of the spermatozoa formed the periphery 
of the sphere, and beyond these projected the very long and 
actively vibratile tails which by their lashing movements caused 
the spermatophores to revolve and swim along after the fashion of 
a Volvox. The length of the cilia was fully equal to that of the 
diameter of the spermatophore. There appeared to be some 
repulsion between the individual spermatophores; for if two came 
within range of one another in the field of the microscope, they 
speedily moved apart in opposite directions. In the course of 
a few hours the spermatophores began to break up into component 
spermatozoa. These last on becoming free from their fellows 
exhibited the most astonishing activity, darting here and there 
with such speed that, under a 4 objective and No. 2 eyepiece, 
there was some difficulty in retaining an individual specimen 
within the field of view. Their vitality was in no degree impaired 
at the end of seven hours after quitting the parent mussel, in 
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spite of the unfavourable circumstance of confinement between 
the cover-slip and slide. The head of each spermatozoa exhibited 
a very definite transverse constriction, rendering it like a dice-box 
in shape. For several of these observations I am indebted to my 
pupil G. K. G. Keen, and also for the accompanying illustrations 
which may render the above account more clear. I have preserved 
a number of the spermatophores in 100 °/, alcohol and shall be 
pleased to place them at the disposal of any one to whom they 
may be of value. 
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The non-nitrification of sewage in sea-water*, By J. E. PURVIS, 
M.A., A. C. N. M°Hartix and R. H. J. FISHER. 


[Read 22 May 1911.] 


Systematic chemical and bacterial investigations on the decom- 
position of sewage in sea water have been described in researches 
previously published by Messrs Purvis, Coleman, Courtauld, Mac- 
alister and Minett?. The results proved that sewage undergoes 
very slow decomposition in sea water: and the primary cause 
appears to be the rapid destruction of the nitrifying organisms. 

In order to meet the criticism that the method of incubation 
partially eliminated the oxygen necessary for the growth of the 
nitrifying organisms, the authors have passed dry air, and con- 
taining no CO,, through various mixtures of sewage and sea water 
for over seven weeks. The mixtures were examined from time to 
time for the two ammonias and for nitrites and nitrates. Neither 
nitrites nor nitrates were found at any time, and the total ammonia 
was only slightly decreased. 

The results confirm the earlier researches and shew that, even 
when abundant oxygen is there, no nitrification occurs in sewage 
when mixed with sea water. 


* A detailed account of this investigation appears in the Jour. Roy. San. Inst. 
(1911), vol. xxxir. p, 442. 
«+, t Jour. Roy. San. Inst. (1906), vol. xxvir. p. 483; Proc. Camb. Phil. Soc. vol. xv. 
p. 354; 7th Int. Congress of Applied Chemistry (1909), Sect. Villa, p. 272. 


PROCEEDINGS AT THE MEETINGS HELD DURING 
THE SESSION 1910—1911. 


ANNUAL GENERAL MEETING, 
October 31st, 1910. 


In the Cavendish Laboratory. 
Pror. Hopson, Vice-PRESIDENT, IN THE CHAIR. 


The following were elected Officers for the ensuing year : 
President : 
Prof. Sir George Darwin. 


Vice-Presidents : 


Dr Fenton. 
Prof. Seward. 
Prof. Newali. 


Treasurer : 

Prof. Hobson. 
Secretaries : 

The Master of Christ’s. 


Dr Barnes. 
Mr A. Wood. 


Other Members of the Council : 


Mr W. E. Dixon. 

Prof. Wood. 

Prof. Hopkinson. 

Mr G. H. Hardy. 

Prof. Sir J. Larmor. 
Prof. Biffen. 

Prof. Pope. 

Mr R. H. Rastall. 

Mr K. Lucas. 

Mr E. A. Newell Arber. 
Prof. Sir J. J. Thomson. 
Mr J. E. Purvis. 


The following were elected Associates : 


J. L. Glasson, Gonville and Caius College. 
A. E. Oxley, Trinity College. 
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The following Communications were made : 


1, A new method of investigating the positive rays. By Professor 
Sir J. J. THomson. 


2. Preliminary note on the properties of easily absorbed Réntgen 
Radiation. By R. Wuippineton, B.A., St John’s College. (Com- 
municated by Professor Sir J. J. Thomson.) 


3. The Ionisation of Heavy Gases by X-rays. By R. T. Buarry, 
B.A., Emmanuel College. (Communicated by Professor Sir J. J. 
Thomson. ) 


4. The Mobility of the Positive Ion in Flames. By S. G. Luspy. 
(Communicated by Professor Sir J. J. Thomson.) 

5. Mobility of the Positive Ions in gases at Low Pressures. 
By G. W. Topp. (Communicated by Professor Sir J. J. Thomson.) 


6. Fourier’s double integral and the theory of divergent integrals. 
By G. H. Harpy, M.A., Trinity College. 


November 14th, 1910. 


In the School of Agriculture. 
Proressor Woop IN THE CHAIR. 
The following was elected a Fellow of the Society : 
W. B. Alexander, B.A., King’s College. 
The following were elected Associates : 
EK. A. Owen, Trinity College. 
J. C. Wasson, Trinity College. 


The following Communications were made: 


1. Some crosses with Rivet wheat. By Professor Birren. 


2. On the inheritance of the yellow factors in sweet pea colouring. 
By Mrs D. Tuopay and D. Tuopay, M.A., Trinity College. 


3. Demonstration of Mendelian Laws of Heredity in the Potato. 
By Dr R. N. Sauamay. 


4, The feeding value of Mangels. By Professor Woop. 


5, Some causes of Sterility in Cattle. By F. H. A. MarsHatt, 
M.A., Christ’s College. 


6. Caponising. By F. H. A. Marswatt, M.A., Christ’s College, 
and K. J. J. Mackenzin, M.A., Christ’s College. 


7. Notes on Protein hydrolysis. By F. W. Foreman, B.A., 
Gonville and Caius College. (Communicated by Professor Wood.) 
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November 28th, 1910. 


In the Chemical Laboratory. 


Proressor Sir GEORGE DARWIN, PRESIDENT, IN THE CHAIR. 


The following were elected Fellows of the Society : 


C. C. Mason, M.A., Trinity Hall. 
P. J. Daniell, B.A., Trinity College. 


The following was elected an Associate : 


F. H. Hatch. 


The following Communications were made: 


1. Demonstration of Natural Colour Photography of Interference 
Figures. By Professor Pope. 


2. (1) Colloidal form of Nastvogels’ osazone. (2) A method of 
characterising certain Ureides. By Dr Fenton and W. A. R. W1xkKs, 
B.A., Gonville and Caius College. 


3. The Racemisation of Malic and Tartaric Acids by Heat. By 
H. O. Jones, M.A., Clare College, and D. I. Jamezs, B.A. 


4. A note on the action of aluminium chloride on benzene. 
By Miss A. Homer. 


5. Some theorems concerning uniform functions of two complex 
variables together with some simple properties of such functions. 
By Dr Forsyru. 


6. Note on the Fundamental Theorem of Integration. By Dr 
Youne. 


~ 


7. (1) The Determination of the Exponent to which a number 
belongs, the Practical Solution of certain Congruences, and the Law 
of Quadratic Reciprocity. (2) The Divisors of certain Arithmetical 
Forms, the Primes of certain Forms, and the arrangement of Quadratic 
and some other Residues. By H. C. Pockiineron, M.A., St John’s 
College. 


8. Note on Spermatogenesis of Abraxas grossulariata. By L 
Doncaster, M.A., King’s College. 


9. The discharge of positive electricity from sodium phosphate 
heated in different gases. By F. Horton, M.A., St John’s College. — 


10. On the distribution of Secondary Réntgen Radiation round 
a radiator. By J. A. CrowrHer, M.A., St John’s College. 


11. The radium content of salts of Potassium. By J. SATTERLy, 
B.A., St John’s College. (Communicated by Professor Sir J. J. 
Thomson. ) 
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January 23rd, 1911. 
In the Optical Lecture Room. 


ProFessor Sir GeorGe Darwin, PRESIDENT, IN THE CHAIR. 
The following Communications were made : 


1. (1) A constant temperature, porous plug experiment. (2) Ob- 
servations on the Surface Tension of Liquid Sulphur. By W. A. D. 
Rupeeg, M.A., St John’s College. 


2. On the magnetic susceptibilities of certain compounds. By 
A. E. Oxtey. (Communicated by Professor Sir J. J. Thomson.) 


February 6th, 1911. 
In the Optical Lecture Room. 


Proressor Hopson, TREASURER, IN THE CHAIR. 
The following Communications were made: 


1. On the Distribution of the Megapodidae in the Pacific. By 
J. J. Lister, M.A., St John’s College. 


2. Note on Strongylocentrotus lividus as a Rock-borer. By 
J. Romanes, B.A., Christ’s College. 


3. Exhibition of sketches of a peculiar tracheal system of a 
Mycetophilous \arva (Diptera). By A. J. Grove. (Communicated by 
Mr H. Scorr.) 


February 20th, 1911. 
In the New Medical Schools. 
ProFEssoR Str GreorGe Darwin, PRESIDENT, IN THE CHAIR. 


The following Communications were made: 


1. The adaptation of ticks to the habits of their host. By 
Professor NurvaLt. 


2. The entry of bacteria into the lungs. By Dr Cosserr and 
Dr GRAHAM-SMITH. 


3. The action of caffeine on muscle. By Dr F. Ransom. (Com- 
municated by Mr W. E. Dixon.) 

4. Toleration to nicotine. By W. E. Dixon, M.A., Downing 
College. 


5. The action of pituitary extract and adrenalin on peripheral 
arteries. By Dr Cow. (Communicated by Mr W. E. Dixon.) 
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6. The action of ultra-violet rays on blood sera. By W. M. Scorr. 
(Communicated by Professor Woodhead. ) 


7. The scattering of X-Rays. By E. A. Owen. (Communicated 
by Professor Sir J. J. Thomson.) 


March 13th, 1911. 
In the Cavendish Laboratory. 


Proressor Sirk GEORGE DARWIN, PRESIDENT, IN THE CHAIR. 

The following Communications were made: 

1. Exhibition of Photographs of Kanal Strahlen. By Professor 
Sir J. J. Tomson. 


2. (1) Freezing Point and Depression of Freezing Point of 
Sodium Chloride. (2) A Simple form of Electric Resistance Furnace. 
By F. E. E. Lamproues, M.A., Trinity College. 


3. Some Experiments on Scattered Réntgen Radiation. By J. A. 
CrowTuer, M.A., St John’s College. 


4. On Regularities in the Spectrum of Neon. By H. E. Watson. 
(Communicated by Professor Sir J. J. Thomson.) 


5. Fatigue and Persistence Effects in the Production of Secondary 
Roéntgen Rays. By J. C. Cuapmay. (Communicated by Professor 
Sir J. J. Thomson.) 


6. The absorption spectra of the vapours of some sulphur com- 
pounds. By J. E. Purvis, M.A., St John’s College. 


7. Intensity of Secondary Homogeneous Rontgen Radiation from 
Compounds. By J. C. Caapman and E. D. Guest. (Communicated 
by Professor Sir J. J. Thomson.) 


May 8th, 1911. 
In the Botany School. 
PROFESSOR SEWARD, VICE-PRESIDENT, IN THE CHAIR. 
The following Communications were made: 
1. On the spores of some Jurassic Ferns. By H. Hamsuaw 
Tuomas, M.A., Downing College. 


2. On anew species of Salicornia from Angola. By C. E. Moss, 
B.A., Emmanuel College. (Communicated by Professor Seward.) 


3. On the detection of Maltose in the tissues of certain Angio- 
sperms. By S. Mancuam, B.A., Emmanuel College. (Communicated 
by Professor Seward.) 
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May 22nd, 1911. 


In the Chemical Laboratory. 
Proressor Sik GEORGE DARWIN, PRESIDENT, IN THE CHAIR. 


The following was elected an Associate : 


EK. Jacor. 


The following Communications were made : 


1. Attempts to resolve asymmetric Nitrogen Compounds of low 
Molecular Weight. By Professor Popg and J. Reap. 


2. ‘“Aldehydo-glyceric” acid. By Dr Fenton and W. A. R. 
Wiuxs, M.A., Gonville and Caius College. 


3. Triketohydrindene Hydrate. By S. Runemann, M.A., Gonville 
and Caius College. 


4. The non-nitrification of sewage in sea-water. By Messrs J. E. 
Purvis, M°Harriz and FIsHEer. 


5. Complex thio-oxalates. By H. O. Jonrs, M.A., Clare College, 
and C. 8. Ropinson, B.A., Emmanuel College. 


6. Further Experiments on Scattered Rontgen Radiation. By 
J. A. Crowrner, M.A., St John’s College. 


7. The Production of characteristic Réntgen Radiations. By 
R. Wuippineton, B.A., St John’s College. (Communicated by 
Professor Sir J. J. Thomson.) 


8. On the Velocities of the Electrons produced by Ultra-Violet 
Light. By A. Li. Hucues, B.A., Emmanuel College. (Communicated 
by Professor Sir J. J. Thomson.) 


9. (1) The Origin of spectra. (2) On the positive ionisation 
produced by phosphates when heated. By F. Horton, M.A., St John’s 
College. 
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PROCEEDINGS 


OF THE 


Cambridge Philosophical Society. 


Preliminary Note on the Characteristic Homogeneous Réntgen 
Radiation from Elements of High Atomic Weight. By J. CRospy 
CHAPMAN, B.Sc., Research Student of Gonville and Caius College, 
Cambridge, Layton Research Scholar of the University of London, 
King’s College. (Communicated by Professor Sir J. J. THoMsoN.) 


[ Read 13 November 1911.] 


In a recent paper* in the Philosophical Magazine, Professor 
Barkla has published a complete list of those elements which, up 
to the present, have been shown to emit the characteristic Rontgen 
radiation or as he called it the “fluorescent” radiation. If the 


relation between the atomic weight and be where 2X is defined by 


the equation J =J,e—* and p is the density of Al for the charac- 
teristic radiations of the various elements be plotted taking atomic 


E : xr : ; 
weight as abscissae and — as ordinates, then the points corre- 


sponding to the Senin rth atomic weights between calcium 
and cerium lie on an approximately smooth curve. If however 
the elements with higher atomic weights than silver are examined 
under suitable conditions, it becomes evident that there are with 
these elements two types of characteristic radiation, one the hard 
homogeneous radiation such as the first curve would suggest, and 
superposed on this a soft radiation. Barkla and Nicol+ have 
investigated the soft radiation from the elements antimony, 1odine 
and barium and have shown that these elements emit in addition 
to the ordinary characteristic radiation, another soft radiation 
which is also characteristic of the element and moderately homo- 
geneous. Although no detailed results have as yet been published 


the values of “ for these elements have been given and when 


these are plotted on the same diagram a second curve is obtained. 
When this curve is continued towards the « axis it is obvious that, 
if it resembles in form the first curve (Ca-Ce), it will pass through 


* Phil. Mag. Sept. 1911. + Nature, Aug. 4, 1910. 
VOL. XVI. PT. V. 27 
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the region of atomic weights between 184 and 208, which contains 
tungsten, gold, platinum, lead and bismuth. Up to the present, 
these five elements have not been investigated as regards their 
power of emitting a characteristic homogeneous radiation. To 
examine whether the radiation from this second series is similar 
to that from the first series, the radiation from lead, which is 
a typical member of the second series, was examined in detail. 

The difficulty encountered with the elements in the second 
group when investigating the type of rays emitted, is that a 
considerable amount of the incident primary radiation is simply 
scattered, without being converted into the fluorescent radiation 
which it is desired to investigate. So that unless the scattered 
radiation is, by some means, allowed for and subtracted, the 
presence of the homogeneous constituent tends to be completely 
masked. 

The usual apparatus was employed with slight modifications 
in order to be able to allow for the scattering effects. The method 
of subtracting the merely scattered radiation was, roughly, as 
follows: a very hard bulb was used with an equivalent spark 
gap of five to six inches, as the source of the X-rays, and the 
primary rays were made to pass through a thick sheet of Al 
in order to cut off any but the hardest constituents of the beam. 
This penetrating primary was allowed to fall on a thin sheet 
of lead foil. The thickness of this sheet was just more than 
sufficient to allow the layer to be considered as an infinitely thick 
sheet for the homogeneous radiation, while owing to the small 
mass of the lead present the intensity of the scattered radiation 
was reduced to a minimum. The rays leaving the lead consisted 
of: (1) the homogeneous constituent, (2) the superposed scattered 
constituent. This heterogeneous radiation was then examined by 
finding the absorption by successive sheets of Al of the same 
thickness; the effect of putting in an aluminium sheet in the 
path of the radiation, is to cut down the homogeneous constituent, 
while owing to the great hardness of the scattered constituent, 
the latter is not cut down appreciably. So that if a sheet of Al 
sufficient to completely cut off the whole of the homogeneous 
constituent be put in front of the electroscope it is possible to 
find the total amount of scattered radiation, for, provided the 
primary is kept hard enough, the scattered, which is of the same 
degree of hardness, is not appreciably absorbed even by an Al 
sheet sufficient to cut off the whole of the homogeneous con- 
stituent. The absorption of the whole of the radiation by Al was 
first measured in the ordinary way, then the amount of scattered 
radiation was determined, and as this is a constant factor entering 
into all the previous readings it could be subtracted leaving values 
from which the absorption of the homogeneous constituent alone 
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could be found. The apparatus and a more detailed account of 
this correction will be described in a later paper. 
The following were the results obtained, 


TABLE I. Results Jor lead radiation. 


Percentage absorption in Percentage absorption by 
Al previous to absorption Al (-0067 cm.) after ab- 
in column IT sorption in column I 

12 25°6 

39D 26'3 

D2 25°8 

65 25°8 

74 27°8 

81 26-0 

86 26:1 


Mean value of percentage absorption by Al (0067 cm.) = 26-2, 
as 17-4, 
p 


Curve I. 


Zz 3 4 o 6 7 
Thickness of Al absorbing (above value 0067). 
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If now Curve I is plotted showing the relation between 

log 2 and #, where J =I,e~*, taking log 738 ordinate and « the 
0 0 

thickness of aluminium absorbing as abscissa, the almost complete 
homogeneity of the radiation exhibits itself in the straight line 
which indicates that the beam is being absorbed exponentially. 

That is lead which was taken as a typical member of the 
second group of elements emits under suitable conditions a 
characteristic radiation, and this radiation has been shown to 
be almost perfectly homogeneous when the experiment is per- 
formed in a manner which allows the scattered radiation to be 
subtracted. 


Selective absorption by lead. 


The other characteristic of elements in the first group is that 
they show a selective absorption for radiations which have a 
penetrating power just greater than their own. Thus if the 
coefficient of absorption of an element X which gives a charac- 
teristic radiation be measured for the various homogeneous 
radiations from silver to chromium, beginning with a very soft 
homogeneous radiation the absorption is considerable; as the 
radiation is made more penetrating the absorption in Al and the 
element X diminish proportionately, but when the radiation 
which is being absorbed is made more penetrating than the 
secondary radiation characteristic of the metal X the absorption 
first ceases to diminish as rapidly as the absorption in Al, then it 
increases, at this point the characteristic radiation of X is excited. 
As the beam becomes more penetrating the absorption in the 
element begins to diminish and again the absorption in Al and 
the metal diminish proportionately. 

In order to show that the same phenomenon takes place in 
lead, an even layer of lead oxide (Pb,O,) was used as the absorbing 
screen, since it is difficult to obtain lead in thin enough sheets to 
be used for this purpose. It will be seen that the absorption by 
the oxygen in the lead oxide will be almost negligible when the 
relation between the weight of lead and oxygen in the compound 
and their respective absorption coefficients are considered. In 
this way it is possible to calculate the value of the relative 


absorption: coefficient by lead (x — for the various homogeneous 


radiations. The series of homogeneous beams of the first group 
used were copper, zinc, arsenic, selenium, bromine, strontium, 
molybdenum, silver, tin. The percentage absorption by the lead 
oxide was found for each of these radiations and from the values 


© 
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obtained the relative value for - in lead was calculated for each 


particular beam. 
The results are given below. 


TABLE II. Absorption by lead and aluminium. 


Secondary Radiator | tie a Be He se ‘ | ioxption in ai 
@ (3 ) a Ee gai 
WOPPE!. <.0.-5.3- 47-7 269 5:6 
DANG Solos esos 39-4 224 5-7 
IATSENIC 22. .4.25, 22°5 140 6:2 
Selenium ...... 18°9 129 6-9 
Bromine......... 16-4 126 (ler 
Strontium ...... 13:0 161 12-4 
Molybdenum... 4-7 148 30 
SEE clon ea: 25. | 84 i ee | 
| SUN 1:57 63 40 


* k is of order unity. 


The values obtained above are plotted in Curve II which 
shows the relation between the absorption in Al and the relative 
value of absorption in lead. 


The value obtained for the s in Al for lead radiation is 17:4, 


the value for selenium is 18°9 and that for bromine 16°38; so that 
if the homogeneous radiation emitted by lead has the same 
properties as those shown by elements in the Cr-Ce group, 
we should expect that the selenium would just be unable to 
excite the characteristic lead and that bromine would just be 
able to stimulate it; so that the curve showing the relation 
between the absorption in Al and the relative absorption in lead 
should commence to rise between selenium and bromine, and from 
an examination of the curve this will be found to be the case. 
The dotted line shows the point at which the homogeneous 
lead radiation is excited if it obeys the same laws as the first 
group. 

The results of these experiments show that lead though 
belonging to a different group of elements with reference to their 
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power of emitting secondary characteristic Réntgen radiation, yet 
superposed on the scattered radiation, they do at all times, if the 
primary beam is sufficiently penetrating, give out an almost 
perfectly homogeneous radiation, and as regards absorption pheno- 
mena lead behaves in a similar manner to the elements in the 


Curve II. 


. 


Absorption in Pb (3 


Absorption in Al (*) ‘ 


first group. The results discussed above would certainly go to 
show that the mechanism of the production and that the type 
of radiation is the same for elements in the second group as for 
those in the first. This research is being continued, using the 
other elements of the second group—tungsten, gold, platinum 
and bismuth. 


My thanks are due to Sir J. J. Thomson for his interest in 
this experiment. 
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Note on the condensation of tryptophane with certain aldehydes. 
By Miss ANNig Homer, Beit Memorial Research Fellow. (Com- 
municated by Mr F. G. Hopkins.) 


[Read 27 November 1911.] 


The following investigation arose from an attempt to prepare 
oxidation and reduction products of tryptophane. 

The ordinary methods of oxidation, other than the ferric 
chloride method used by Hopkins and Cole (Journ. Physiol. 
XXIX. 464), failed to give crystalline products. But when repeating 
the work of these authors, I failed, as Ellinger had (Ber. XXXIx. 
2, 2515), to isolate any of the interesting base, C,,H,,N,. In this 
connexion Dr Hopkins had made the observation that a crystalline 
derivative formed when tryptophane was in contact with moist 
ether which had been locally heated with a glass rod. This com- 
pound proved not to be the base C,,H,,N,. At his suggestion 
I investigated the properties of the new substance. 

The crystalline compound was of an acidic nature. It was 
slightly soluble im water and in alcohol; dissolved in sodium 
carbonate solution with the evolution of carbon dioxide and was 
reprecipitated by dilute acids; was not attacked by dilute acids 
or by mild alkalis, but was decomposed by concentrated acids 
and caustic alkalis. It melted at 322°C. This substance will 
be referred to as the ether oxidation substance. 

Analyses gave results in accordance with the following 
formulae : 

(a) Dried at 20°, C,,H,,N,O;.2H.0. 
(6) Dried at 110°, C,,H,.N,O;. 
(c) Heated to 150°—200°, C.,H.4N,O,. 

The loss of H,O in the change from (b) to (c) is due to a 
molecular change and not to loss of water of crystallisation. 

Now by the local heating of moist ether there are evolved 
pungent fumes in which hydrogen peroxide and formaldehyde 
can be detected. The former has probably arisen from the first 
formed peroxides of ether which, in contact with water, are de- 
composed with the liberation of hydrogen peroxide (Berthelot, 
C. R. 108, 543; Dunstan and Raymond, J. C. S. Trans. 1890, 
75). 

I found that hydrogen peroxide would not react with trypto- 
phane ; formaldehyde and certain aldehydes would. The question 
arose as to whether the ether oxidation substance was a form- 
aldehyde derivative of tryptophane or not. 

The formaldehyde compound melted and decomposed at 
235°—240°, It was readily hydrolysed by water, dilute acids 
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and alkalis to form the ether oxidation substance. During 
hydrolysis formaldehyde was also liberated. It evidently differs 
from the ether oxidation substance in that it is a methylene type 
of compound, but at the same time there is some close relationship 
since hydrolysis readily converts the formaldehyde derivative into 
the ether oxidation substance. 

Analyses gave results in accordance with the following 
formulae : 

Dried at 20°, C,,.H,,.N,O,.2H,O. 
Dried at 110°, C,,H,.N,O,. HO. 
Heated to 150°, decomposition began to take place. 

By the action of glyorylic acid on tryptophane in aqueous 
solution, a crystalline derivative was formed. The substance 
melted at 322° and when mixed with some of the ether oxidation 
substance the melting point was unchanged. It was moderately 
soluble in hot water and alcohol ; readily soluble in alkalis, but on 
acidification of the alkaline solution with acetic acid the acid 
sodium salt and not the free acid was precipitated. 

Analyses gave results in accordance with the following 
formulae : 

(a) For the free acid, C,,;H,,N,O,. 
(b) For the acid sodium salt, C,;H,,N.O,Na.4H.0. 

When the free acid was heated to 205° carbon dioxide was 
evolved, and the residual substance had a percentage composition 
in accordance with the formula of the ether oxidation substance 
heated above 150°, viz. C.,H.,N,O,. 

There is thus an interesting connexion between these products. 
The ether oxidation substance is the most stable of the three; 
it is formed from the formaldehyde compound by hydrolysis and 
from the glyoxylic derivative by the action of heat. The question 
as to the constitution of these derivatives cannot be approached 
in a preliminary note, but: the special interest that they afford 
with reference to the Adamkiewicz reaction may be touched 
upon. 

In the Adamkiewicz reaction glyoxylic acid is regarded by 
Hopkins and Cole, Joc. cit, as the substance essential to the 
formation of the characteristic violet colour. Rosenheim (Biochem. 
J. 1906, 1. 233—240) points out that the colour produced by 
the action of formaldehyde on proteids in presence of sulphuric 
acid and oxidising agents (Voisenet, Bull. Soc. Chim. Paris (3), 
33, 1198) is identical with that produced in the Adamkiewicz 
reaction. He criticises Hopkins and Cole’s view as to the 
importance of glyoxylic acid per se; he suggests that even with 
glyoxylic acid the presence of an oxidising agent is essential and 
that, although an oxidising agent may not have been added, yet 
the glyoxylic acid itself, however carefully prepared, is always 
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contaminated with sufficient hydrogen peroxide for the reaction 
to be possible. 

The isolation of the three compounds described above and an 
investigation of their properties afford evidence in favour of the 
essential factor being formaldehyde. 


Colour reactions produced by the action of concentrated 
sulphuric acid on the products described above. 


Action of concentrated Formaldehyde Gl Se ene ees 
sulphuric acid product i Nati oars Be ee 
substance 

A. On the solid— 

i. in the cold Violet Yellow None 

ii. on warming Colour intensified. | Colour intensified. | Slight violet 

Finally charring Finally charring tint 

B. On the solid sus- 
pended in water— 

i. directly treated with Violet Yellow None 
the acid 

li. heated to 90°, cooled Violet colour Yellow None 
and then treated with intensified | 
the acid | 

lii. in the presence of a Violet colour Violet Violet 
trace of formaldehyde intensified 

iv. in the presence of a Violet Violet Violet 
trace of glyoxylicacid 

y. inthe presence of a | Very intense bluish | Brown Green 
trace of ferric chloride violet colour 

vi. in the presence of a Brown Claret Brown 
trace of hydrogen per- 
oxide 


From the above table it is obvious that formaldehyde plays an 
important part in the colour reaction, since, of the three products, 
the only one which will give the colour without the addition of 
glyoxylic acid or formaldehyde, is the formaldehyde condensation 
product. It has-been shown that this product is hydrolysed by 
water with the liberation of formaldehyde, and after this process 
(B ii) the colour reaction is more marked still. 

Were the essential factor glyoxylic acid per se, then the 
glyoxylic condensation product ought to give the colour reaction 
with sulphuric acid, but it will not do so unless formaldehyde 


408 Miss Homer, Note on the condensation, ete. 


or more glyoxylic acid be added. Now glyoxylic acid itself is 
decomposed by sulphuric acid with the formation of carbon dioxide 
and formaldehyde. It therefore seems reasonable to assume that 
glyoxylic acid is able to take part in the colour reaction by virtue 
of its decomposition into formaldehyde, and not, as Rosenheim 
suggests, because of contamination with hydrogen peroxide. The 
fact that the colour reaction is not given by glyoxal and glycollic 
aldehyde, neither of which give formaldehyde on treatment with 
acid, is in support of this view. 

It will be noticed that in these experiments formaldehyde has 
been used unaccompanied by an oxidising agent, but when testing 
for tryptophane by means of formaldehyde it is customary to add 
a trace of an oxidising agent, otherwise the characteristic colour is 
not obtained. Now tryptophane when acted upon by concentrated 
sulphuric acid and formaldehyde is readily charred, but, unless 
the temperature be raised or excess of formaldehyde be used, 
there is no such effect in the case of the condensation products 
described in this paper. I found that if the aqueous solution 
of tryptophane to which a few drops of formalin had been 
added, were first heated, cooled, and then treated with the 
concentrated acid, then the characteristic violet colour was 
produced. It is obvious that in testing for the presence of 
tryptophane with formaldehyde the addition of an oxidising agent 
is unnecessary, but the conditions for obtaining the colour are 
not so easy to manage as when glyoxylic acid is used. In the 
latter case it may be that the amount of formaldehyde liberated 
by the acid is never in sufficient excess to interfere with the 
colour reaction, or else that the nascent formaldehyde so produced 
is extremely reactive in the formation of the colour. 

Glyoxal and glycollic aldehyde also react with tryptophane. 
The derivatives thus obtained are at present being investigated. 
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A new type of parasitism in the Polychaeta. By F. A. Ports, 
M.A., Trinity Hall. 


[Read 27 November 1911.] 


The Syllids are a numerous and ubiquitous family of marine 
Polychaet worms, all of small size but varying considerably in 
their structure and habits. They are however alike in possessing 
a constant type of pharynx which can be protruded for the purpose 
of obtaining food and which is used in several forms at least as a 
weapon of attack upon other animals. 


Fig. 1. 


Diagram of anterior part of gut of typical Syllid with pharynx protruded. 
Lateral view. Lettering in text. 


The structure of the anterior part of the gut (fig. 1) is very 
characteristic and may be briefly described as follows. Anteriorly 
there is the protrusible pharynx (ph.) contained during retraction 
within a definite pharyna-sheath (ph. sh.) and with a cuticular 
lining (ch.) of variable thickness. To this succeeds the barrel- 
shaped proventriculus (pr.) with thick walls of radiating muscle- 
fibres and a very narrow lumen. By the suctorial action of this 
latter organ food is drawn into the alimentary canal. 
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In the pharynx the chitinous lining may be locally thickened 
to form teeth which occur either singly (¢) or arranged in a 
semicircle or complete circle. This armature is undoubtedly of 
great importance to the worm in feeding, and the most detailed 
observations as to its use we owe to Eisig*. Individuals of Syllis 
(Haplosyllis) spongicola were kept in aquaria into which various 
annelids of much greater size were introduced. All these were 
invariably assaulted and severely wounded. Even more savage is 
the behaviour of these worms with those of their own kind and 
their conflicts reminded Eisig of nothing so much as a dog-fight. 
By the cutting action of the single tooth or stylet deep wounds 
are made in the body of the enemy and portious of the flesh 
torn away which are crammed into the cavity of the pharynx. 

Treadwell has recently described the occurrence of two 
individuals of another species of the same genus (Syllis (Haplo- 
syllis) cephalata), firmly fastened to the body of a large Eunicid 
Polychaet. In each case the Syllid was attached to a cirrus of the 
parapodium which had been swallowed and occupied most of 
the pharyngeal cavity. Treadwell claimed that the cirrus showed 
signs of digestion and that Haplosyllis might here be considered 
as an ectoparasite. 

In the collections made by Mr Cyril Crossland in 1902 at 
Zanzibar, there is a Polychaet in which the ectoparasitic habit 
is undoubtedly normal and attachment to the host permanent 
throughout adult life. It can be definitely placed in the family 
Syllidae and I propose the new generic name Parasitosyllis. 
Individuals were found living on both Polycbaet and Nemertine 
worms, fixed by the permanently protracted pharynx which is 
inserted in the body wall of the host and so intimately intergrown 
with its tissues that it was impossible to detach the parasites 
from their prey (save in the case of the soft bodied Nemertine) 
without breaking off the pharynx from the rest of the body. The 
worm is about 5 mm. long and several individuals may be found 
on a single host. 

The pharynx (fig. 2, ph.) projects from the pharynx-sheath 
(ph. sh.) and rather resembles an elongated vase with a short 
stem, the rim of which is embedded in the body of the host while 
the stem, a narrow tube, communicates posteriorly with the 
proventriculus (pr.). Except in this posterior region the walls 
of the pharynx are enormously thickened and composed of at least 
four layers of chitin, without, as far as I am able to observe, any 


* Hisig, Fauna und Flora des Golfes von Neapel, T. xxvu1.; Ichthyotomus, pp. 
179—181. For similar observations on EHusyllis, see Malaquin, Recherches sur les 
Syllidiens, 1893, p. 246. 

+ Treadwell, Haplosyllis cephalata as an ectoparasite. Bull. Amer. Mus. Nat. 
Hist. Vol, xxvi. pp. 359—360. 
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cellular investment or lining. Anteriorly these chitinous layers 
run far into the host, bending round at right angles as they enter 
the body so as to extend between the skin and the musculature, 
becoming thinner and thinner as they penetrate so that it is soon 
extremely difficult to distinguish between the tissues of parasite 
and host. The lumen of the pharynx is narrow anteriorly and 
crammed with the tissues of the host : posteriorly it is even more 
restricted by the presence of a thick cushion of muscle (mu.) 


Diagram of anterior part of Parasitosyllis fixed to host. Lateral view. 
The dotted portion represents the body of the host, the dark black 
lines the chitinous layers of the pharynx which penetrate it. 


which considerably obscures the relation of the parts. It is 
however possible to make out a narrow duct apparently com- 
municating with the cavity of the proventriculus, which would 
serve for the passage of fluids absorbed from the host. 

The pharynx is partly contained in a deep cup-shaped cavity, 
the pharynx sheath, the lips of which approximate anteriorly to 
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form a circular aperture. It may perhaps be suggested that at 
one stage of the life history of Parasitosyllis, before the extra- 
ordinary development of the pharynx has taken place, this aperture 
may function as a suctorial mouth and effect the first attachment 
of parasite to host. If at this period the pharynx was retractile 
and provided with stylets with which to cut a way into the body 
of the host, all traces of such a condition are now lost in the 
specimens here described and it must be left to future investigations 
to decide the methods of fixation. 

The proventriculus is of the form only found in the Syllids 
and Hesionids among Polychaets. A testimony is given to the 
effective nature of its pumping action by the discovery that, in 
the only complete specimen, a parapodium of the host had been 
sucked into the pharyngeal cavity with such force that its setae 
were driven right into the chitinous walls of the pharynx. 

With regard to the structure of the rest of the body little 
need be said here*. The head is provided with appendages of 
normal development and a pair of eyes. The parapodia are 
provided with dorsal and ventral cirri and a few simple setae. 
The intestine is a simple tube without coeca but thrown into 
a small loop posteriorly. The permanent fixation of the parasite 
is however responsible for the great reduction of the muscles of 
the body wall and possibly too for the fact that the setae hardly 
emerge from the parapodia. 

In 1906, Eisig published an exhaustive memoir on a new 
genus of Polychaeta, [chthyotomus, which is also an ectoparasite 
attached to its host by the pharynx. In the details of structure 
and habits it differs rather widely from Parasitosyllis. Eisig 
concluded that his discovery was nearly related to the Syllids but 
the likeness is obscured by changes consequent on parasitism. 
The animal is provided with a suctorial mouth (Saugmund) by 
which it first fixes on the skin of the eel which serves as host. 
The pharynx is then protruded and by means of the two stylets, 
like a pair of scissors in arrangement and form, a way is cut to the 
blood capillaries in the skin of the host. The stylets remain so 
firmly embedded in the tissues that it is only possible for the 
parasite to change its position as the result of very vigorous 
muscular action. The death of many individuals was in fact 
observed after unsuccessful efforts to free themselves but others 
were able to leave one host and reattach themselves to another. 

Some clue to the derivation of the peculiar stylets of Jchthyo- 
tomus is furnished by the study of the form Gnathosyllis diplodonta 
which is the only Syllid known with paired stylets. The pharynx 


* A full diagnosis will shortly be published in the Transactions of the Linnean 
Society in the course of a paper on ‘‘ The Polychaeta of the Indian Ocean, Pt III, 
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of Hisig’s parasite is of the type seen in the larva of the Syllidae 
but the head appendages have become rudimentary owing to the 
close attachment of the anterior end of the parasite to the host. 
It is for these and other reasons that Hisig has created a separate 
family, the Ichthyotomidae. 

Ichthyotomus exhibits further modification due to its life as 
a blood-sucking ectoparasite. A considerable development of 
“salivary” glands has taken place, and these almost certainly 
secrete a ferment preventing the coagulation of blood swallowed, 
as in the case of the medicinal leech and ticks. There is, too, 
a considerable expansion of the alimentary canal to contain as 
great a volume of blood as possible. In each segment of the 
body a pair of gut coeca are developed which fill up the entire 
body cavity and even extend into the parapodia and hollow dorsal 
cirri. In comparing, then, Jchthyotomus and Parasitosyllis we 
find that though in both the pharynx is highly modified it is 
in very different ways. The latter, too, subsisting possibly on the 
coelomic fluid of the host and not apparently on its blood shows, 
in the rest of its alimentary system, a much simpler organisation 
than Ichthyotomus. 
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Cytological Observations on Crossfertilised Echinoderm Eggs. 
By L. Doncaster, M.A., King’s College, and J. Gray, King’s 
College. 

[Read 27 November 1911.} 


In the Journal of the Marine Biological Society, Vol. tx. 1911, 
p- 121, Shearer, De Morgan and Fuchs have described observations 
on hybrid larvae obtained from reciprocal crosses between the 
three species of Echinus, E. acutus, E. esculentus and E. miliaris. 
Their most important result was that in reciprocal crosses the 
larvae in certain characters always resembled those of the maternal 
species. They have handed over to us for examination eggs in 
the early stages of segmentation from the cultures from which 
their larvae were reared, and the following is a preliminary 
account of the results of our work. 

The crosses on which we have obtained the clearest results 
are those between the nearly related species acutus and esculentus. 
Careful counts of the chromosomes in these species have con- 
vinced us that the chromosome number in each species is 38; 
in each there is considerable diversity of form and size among 
the chromosomes, so that certain individual chromosomes can 
constantly be recognised, but we have not found any differences 
between the two species which are definite enough to be regarded 
as specific. In the cross esculentus 2 x acutus f the mitotic 
figures of the segmenting egg are perfectly normal, and do not 
differ recognisably from those of the pure species. In the converse 
cross acutus 2 x esculentus ~, however, a striking abnormality 
is constantly present in all the eggs examined. Until immediately 
after the dissolution of the nuclear membrane in the first seg- 
mentation division the behaviour is normal, and 38 normal 
chromosomes can be counted. As the spindle is formed, the 
chromosomes become scattered upon it irregularly, and gradually 
become collected in the equatorial plate. During this process it 
is seen that a considerable though variable number of them are 
either swollen up, or more commonly bear vesicles attached to 
their ends or sides. The staining of the vesicles is always less 
intense than that of the chromosomes, and is progressively fainter, 
the more the vesicle is developed, so giving the impression that 
the chromosome has swollen at one point, and that the chromatin 
is thus more thinly diffused in the wall of the vesicle than in the 
normal part of the chromosome. In the equatorial plate stage 
the vesicles may either remain attached to the chromosomes 
which produced them, or become separated from them; those 
which become separated tend to take up positions round the edge 
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of the equatorial plate, sometimes outside the spindle. The 
normal chromosomes, and those of which the normal shape has 
not become much altered by vesicle-production, then split longi- 
tudinally in the ordinary way, and begin to travel to the poles. 
It may sometimes be seen that a chromosome with a vesicle 
attached has split, and the vesicle, remaining attached to one 
half, is being carried with it towards the pole. It is possible that 
a few chromosomes, the greater part of which has become swollen 
into a vesicle, do not divide, but are carried entire to one or other 
pole. The vesicles which have become separated from their parent 
chromosomes appear to differ in their fate according to their 
position. If they lie among the chromosomes inside the spindle, 
they are carried with them to one or other pole and become 
included in the daughter nuclei. If, however, they are left on 
the edge of the spindle, as commonly happens with the larger 
vesicles, they remain outside the mitotic figure in the cytoplasm, 
and are not included in the nuclei of the daughter cells. In this 
case they usually contract and become small evenly stained spheres, 
not easily distinguishable from the larger yolk-granules, but 
usually recognisable after the cell-division is completed, lying in 
the cytoplasm near the boundary between the two cells. 

In the second segmentation division, a similar process takes 
place, but is usually rather less pronounced ; the vesicles are on 
the whole smaller, and we doubt whether complete chromosomes 
ever become vesicular. 

In both divisions the number of vesicles varies, ranging in 
anaphase stages from one to half a dozen or perhaps more; in the 
equatorial plate as many as a dozen chromosomes may be seen to 
bear small vesicles, but some of these are probably either re- 
absorbed, or if they are thrown off, become too small to be 
recognisable in anaphase. The vesicles are in appearance rather 
like those normally formed in late anaphase by typical chromo- 
somes, which at that stage swell up into vesicles as they unite 
to form the daughter nucleus. Like the latter, they have the 
chromatin aggregated in minute masses round the periphery, but 
they differ in staining rather more evenly, especially in sublimate 
preparations, so that the vesicles formed in the prophase can be 
distinguished from those normally produced in late anaphase 
even when they are mixed together in the cluster about the 
pole of the spindle. After the daughter nuclei are formed, the 
vesicles which have become included are no longer recognisable. 

That a number of chromosomes which produce vesicles after- 
wards behave normally is shown not only by observations on the 
stage when they are splitting, but also by counts of the chromo- 
some number in anaphase. The normal number should be 38, 
the actual numbers counted range in first divisions from about 
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31 or 32 to 37, in second divisions from 32 to 38, the two ends of 
a single spindle not always giving the same result. There is, 
however, no regular relation between the chromosome number 
and the number of vesicles; it is clear that a chromosome may 
throw off a vesicle and then divide normally. On the other hand 
the almost constantly smaller number of chromosomes in anaphases 
of these eggs indicates either that a small number of chromosomes 
are completely used up in forming vesicles, or that «they are 
prevented from dividing normally. The anaphase groups are less 
regular than in normal eggs, and it is not always possible to 
say with certainty whether they include an undivided chromosome 
or not. 

Our observations on the cross with miliaris are less complete 
and satisfactory than those with the acutus-esculentus crosses. 
The material included only the combination acutus 2 x miliaris g", 
and different batches of eggs gave somewhat discordant results. 
The determination of the chromosome number in pure miliaris 
eggs is less certain than in the other species; in some eggs we 
have found 36, in others not more than 34 are recognisable. The 
spindles of miliaris are narrower, and the chromosomes more 
crowded, than in esculentus and acutus, and a remarkable point 
about the acutus 2 x miliaris f eggs is that the spindles have 
the miliaris form, or are often still narrower, although the 
cytoplasm in which they are formed is that of acutus. The 
chromosomes of miliaris are more uniform than those of the other 
species, so that in the hybrids certain chromosomes can be 
recognised as of maternal origin. The narrowness of the spindles, 
and consequent crowding of the chromosomes, usually, however, 
makes the identification difficult. 

In one lot of acutus eggs fertilised by miliaris sperm the 
segmentation mitoses are mostly quite regular, with no vesicle 
formation. In only an occasional egg can one or more small 
vesicles be seen. In other lots of hybrid eggs vesicles are 
frequent, occurring in nearly every spindle; they are smaller 
than those in the acutus 2 x esculentus ~ eggs, and it is probable 
that whole chromosomes never become vesicular. In one batch 
of eggs all stages are represented from the first division to about 
the 16- or 32-cell stage, and in the early divisions vesicles are 
constantly present, while in the later stages they are absent. 
Unless the more backward eggs are abnormal (and it should 
be noted that in this batch they frequently show multipolar 
spindles and division of nuclei without segmentation of the 
cytoplasm), this indicates that the vesicle formation takes place 
only in the earlier divisions, and that the chromosomes recover 
their normal behaviour later. The chromosome number is difficult 
to determine with accuracy; in the batch in which vesicles are 
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rare we find from 32 to 35 or 36; in those in which vesicles are 
more frequent the number appears to be rather lower, but we 
cannot place very great confidence in the accuracy of our counts 
in these cases. The chromosomes show a tendency to aggregate 
into small clumps, and it is difficult to determine the number 
in such a group, or to decide whether any chromosomes have 
passed over undivided. The fact that the number counted is 
constantly less than the normal expectation, and the presence 
of chromosomes which either by their thickness, or from their 
appearance of being partially split, suggest that they have failed 
to divide, makes us inclined to believe that in this case some 
few chromosomes may pass over undivided in the first division. 

We prefer to leave any discussion of the theoretical bearings 
of our work, and of comparison with the results obtaimed by 
others, until the publication of the fuller paper. One of us is 
engaged in working at the physical conditions associated with the 
vesicle formation. 
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On the double-six which admits a group of 120 collineations 
into itself. By W. Burnsipg, M.A., F.RS. 


[Received 4 December 1911.] 


It has not, I believe, been hitherto recognised that the 
configuration of the double-six presents itself in one of the 
fundamental configurations of the projective geometry of space. 

A projective transformation of space is uniquely determinate 
when the new positions A’, B’, 0’, D’, EL’, into which five arbitrary 
points A, B, C, D, E are changed by it, are given; it being 
understood that no three of either of these sets of five points lie 
in a line and no four in a plane. Five points may be permuted 
among themselves in 120 ways. There thus arises a group of 
120 collineations for which the set of five points, as a whole, is 
invariant. There is a one-to-one correspondence between the 
collineations of the group and the permutations of the symbols 
of the five points. The permutation group of five symbols, z.e. the 
symmetric group of degree 5, has six cyclical sub-groups of order 5. 
Each of the corresponding cyclical collineation groups has two 
fixed straight lines; and the set of six line pairs that so arise, do 
in fact constitute a double-six. This is the double-six that admits 
a group of 120 collineations into itself. 

Notation. A, B, C, D, E are five points, no three of which lie 
in a line and no four in a plane. The collineation which corre- 
sponds to a given permutation of the points will be denoted 
by the symbol of the permutation; thus (AB)(CDE£) denotes the 
collineation which changes A into B, B into A, C into D, Dinto £, 
E into C. 

Let M, N be the points in which a line through A meets the 
lines BC and DE, and let P be the harmonic conjugate of A with 
respect to Mand N. Similarly let Q and R be the harmonic 
conjugates of A with respect to the pairs of points in which lines 
through A meet BD, CE and BE, CD respectively. Then any 
collineation of the group which leaves A unchanged permutes 
P, Q and R, and leaves the plane PQR unchanged. This plane 
will be called a, and the planes similarly constructed from the 
other points, b,c,d and e. Any collineation of the group gives 
the same permutations of A, B, C, D, # and of a, b,c, d,e. Thus 
the collineation (AB) (CDE) is equally well denoted by the symbol 
(ab) (cde). For the line through A meeting BC and DE the 
symbol A.BC.DE will be used. The line of intersection of 
a and 6 will be denoted by ab; and the line joining the points in 
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which 6c and de meet a by a.bc.de. The point of intersection of 
a, b and c will be called abc. The collineation (BH)(CD) leaves 
three points, and therefore every point on the line 4.BE.CD 
unchanged. Similarly it leaves every plane through a. be.cd 
unchanged. Further the same collineation leaves the three planes 
ABE, ACD and that through A.BE.CD and abe unchanged. 
Hence it leaves every plane through A.BH.CD, and therefore 
every point of a.be.cd unchanged. 

The two lines A.BH.CD and a.be.cd are non-intersectors. 
For if they met in I every line through J would be unaltered by 
(BE)(CD). Hence BE and CD would intersect in J, and B,C, D, # 
would lie in a plane, contrary to supposition. 

Let 24, A, be two lines intersecting A.BE.CD, a.be.cd, 
D.AB.CE and d.ab.ce. They are unaltered by the collineations 
(BE) (CD) and (AB)(CE). Hence they are unaltered by the 
collineation that arises on carrying these out in succession, viz. 
(ABCDE), and by any repetition of the latter. Now 

(ABCDEY = (BE)(CD).(AC) (DE), 
(ABCDE) =(BE) (CD) .(AD) (BO), 
(A BCDE) = (BE) (CD). (AL) (BD). 

Hence 2), and A, are unchanged by (AC) (DE), (AD) (BC) and 
(AFZ)(BD). They therefore meet B. AC. DE, b.ac.de, C.AE.BD, 
c.ae.bd, H.AD.BC and e.ad. be. 

If a third line » met A.BE.CD, a.be.cd, D.AB.CE 
and d.ab.ce, it would also necessarily meet B. AC. DE, b.ac.de, 
C.AE.BD, c.ae.bd, H.AD.BC and e.ad.be. Then if P is 
the point in which » meets A.BH.CD, there is a unique 
projective transformation which leaves every point of A, and A, 
unchanged and changes P into A. This transformation changes 
# into a line through A which meets B. AC.DE, C.AE.BD, 
D.AB.CE and E.AD.BC. The existence of such a line is 
obviously inconsistent with the condition that no four of the 
points A, B, C, D, FE lie in a plane. 

Hence 2,, A», are the only lines which meet the five pairs and 
the only lines unchanged by (ABCDE). Now the collineation 
(BCED) leaves A.BE.CD and a.be.cd unchanged and permutes 
the other four pairs. It must therefore permute ), and A,. 

Denote by Ay, Ax (¢ =1, 2, ..., 6) the six pairs of lines (each 
pair clearly non-intersectors) which are unchanged by the 
six cyclical sub-groups of collineations of order 5: and suppose 
the suffixes so chosen that the sets A,(¢7=1, 2, ..., 6) and 
Ax (7=1, 2,..., 6) are separately permuted among themselves 
by collineations which correspond to even permutations, the two 
sets being interchanged by any collineation corresponding to an 
odd permutation. 
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If 2,;, Xe; are the fixed lines for (ABCDE) and 2,j, rx for 
(ABDCE), then since 


(CD) (ABCDE) (CD) =(ABDCE), 


(CD) changes X,; into Aj and A, into Az. Now (CD) leaves every 
point of A.BE#.CD unchanged, and changes 2,;, which meets 
A.BE.CD into >. Hence Axi, A; and A.BH.CD meet in 
a point. Also (CD) leaves every plane passing through a.be.ed 
unchanged, and changes \,;, which meets a.be.cd into X;. Hence 
Mui, Aj and a.be.cd lie in a plane. 

Similarly 2,;, 4; and A. BE.CD meet in a point and Ax, Ajj, 
a.be.cd lie in a plane. 

Since Ay, Ao and yj, Aj may be any two pairs out of the six 
pairs of intersectors, this completes the proof that the six pairs 
form a double-six; while it is clearly invariant for the group of 
collineations considered. 

Conversely, if a double-six is unchanged by a group of 
120 collineations, its six pairs of non-intersectors must be 
permuted by every collineation. The only permutation groups 
of six symbols of order 120 are a transitive group, and an in- 
transitive group leaving one symbol unaltered, each simply 
isomorphic with the symmetric group of degree 5. There is a 
group of collineations of order 120 which leaves a pair of non- 
intersectors unchanged, but it does not permute sets of five points 
on the two lines. Hence the first is the only possibility. Now 
there is only one group of collineations of space, simply iso- 
morphic with the symmetric group of degree 5, which has not 
an invariant line-pair; and it is that already considered. Hence 
a double-six which is invariant for a group of 120 collineations, 
must arise as above, and all such double-sixes are projectively 
equivalent. 
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A Magnetic Examination of the Function of the Water Mole- 
cule in certain Dilute Solutions. By A. E. Oxuey, M.Sc., B.A., 
Trinity College. 


[Received 13 December 191 1.] 


Introduction. According to the modern hydrate theory of 
solutions, as developed by H. C. Jones from considerations based 
on conductivity and lowering of the freezing-point determinations, 
the total amount of water associated with the solute increases 
with the concentration, and further the number of water molecules 
associated with one molecule of the solute increases with the 
dilution. This has been shown to be true for a large number 
of salts*. 

Now paramagnetism depends upon the facility of orientation 
of the molecular axes and this is opposed on the one hand by the 
inertia of the molecular system, and on the other hand by the 
mechanical impacts with other systems. Consider the ease of 
the solution of a salt of a ferromagnetic element in water. If the 
solution be concentrated the hydration will be relatively small 
and we might expect that the susceptibility of such a solution 
would be proportional to the number of salt molecules it contains, 
ze. to the amount of ferromagnetic element present. But at 
considerable dilution the hydration becomes large and each of the 
comparatively few salt molecules in the solution has a consider- 
ably increased inertia. These loaded molecules might therefore 
be more reluctant to fall into alignment with the direction 
of the magnetic field and the molecular axes would not swing 
round nearly so far before collisions re-distributed the axes. 
Consequently we might expect there would be an abnormal 
decrease in the paramagnetic susceptibility of the solution. 

The susceptibilities of a series of dilute solutions of several 
salts have been determined in order to ascertain if such a reduc- 
tion in paramagnetism takes place. 

Method. The du Bois electromagnet used in a previous 
researcht was provided with conical pole pieces and a U-tube 
method was adopted to measure the susceptibilities as the torsion 
method employed in that research proved to be very sensitive to 
vibration. 


* Vide H. C. Jones, ‘‘ Hydrates in aqueous solutions,” 
+ Prec. Camb. Phil. Soc. Vol. xv1. Pt 1, p. 102. 
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By means of stops at S’, S” the U-tube could be replaced in 
almost exactly the same position and usually no further focussing 
of the microscope M was needed. An approximate value of the 
displacement was found in each case and the level of the meniscus 
altered by the screw S so that when the field was excited the 
meniscus moved to a definite division of the eye-piece scale. On 
squeezing the tube & the solution could be made to rise and fall 
in the field of view and thus smooth motion of the meniscus was 
ensured by keeping the wall of the tube wet. 


Fig. 1. 


The susceptibility per unit volume (x) of a solution is 
given by 


ss d * 
X= Xa Og, (Xam Xe) 


where yq 1s the susceptibility of air= 0-25 x 10~ per unit volume, 


Ven ve . » water=—75 x 107 per unit 
volume, 

p, is the density of the solution, 

P2 ” » water, 

d, , displacement of the solution meniscus, 

d, - cs » Water meniscus for the same 


field intensity. 
Experiments. The original solutions were made by dissolving 
the pure salts in carefully distilled water and from these solutions 
of one half, one quarter, etc. the original concentrations were 
made by measurements taken in a burette tube. Usually four 
or five dilutions were made but for any number of such dilutions 
the maximum error cannot amount to’more than four times the 


* Loc. cit. p. 106. 
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error of taking a single burette reading, and as 60 c.c. of each 
solution were taken at once, the error arising from dilutions is 
negligibly small. Each original solution was subjected to a 
quantitative chemical analysis and occasionally a solution of higher 
dilution was analysed as a check on the above. 

The amount of salt per cc. was estimated volumetrically in 
the case of the nickel salts, using standard solutions of potassium 
chloride and potassium cyanide. A gravimetric method was used 
for estimating the cobalt solutions, the cobalt being precipitated 
with potassium nitrite in the presence of acetic acid. 

In the following tables A is the mean displacement of the 
meniscus for the magnetic field corresponding to the current 
stated, C is the concentration of the solution in grammes of salt 
per c.c., p is the density of the solution, and y the susceptibility. 


TABLE I. Nickel sulphate (A). 


Current 3°61 amps., pressure 753 mm., temperature 17:1° C. 


| Solution | A C p ~x.10% 

ee | 

| A 99:66. Of | L019 4-2] 
14 30-96 ‘0055 1-006 5-80 
ly 35°54 | 0027 1-003 6-70 
14 37-65 ‘OO14 1-002 7-11 

ee 38-80 0007 1-001 7-33 
Water 


39°65 — 1-000 7:50 


TABLE II. Neckel nitrate (B). 


Current 3:61 amps., pressure 755 mm., temperature 171° C. 


Solution | A 


| C p | i oe tot 
| | 
; 5 na 
B 17-76 | ‘0156 1-014 3°26 
+B 29-02 ‘0078 1-007 5:42 
iB 34°44 “0039 1-003 6°48 
iB 36°96 ‘0019 1-002 6:97 
72 38°45 ‘0010 1-001 7:27 
Water 39°65 — 1-000 7°50 


424 Mr Ozley, A Magnetic Examination of the Function 
TaBLE III. Nickel chloride (C). 


Current 3:17 amps., pressure 763 mm., temperature 17-2° C. 


Solution A C | p -—x.107 
C — 11-36 0274 1-024 — 
4C $2 (119375) ‘0137 1:013 22 
iC 21°45 ‘0069 1-006 4-95 
iC 26°73 ‘0034 1-003 6°23 
me Oi 29:29 ‘0017 1-001 6°86 
Water 32-00 — 1-000 7°50 | 
C 
3 
“B 
A 
4 
> 
~ 
1e5 
j ‘ Nickel Sulphate aoa A op 
Nickel Nitrate --- B (4). 
a oo Nickel Chlovide--- C . 


0 005 -010 015 
CS 


Fig. 2. 

From the curves of fig. 2 it is seen that the relation between 
concentration and susceptibility is linear, and if M be the mass of 
nickel per c.c. of solution, then the susceptibility of the solution is 
given by 

10’ y = 817M — 7°50, 
a relation similar to that found by Townsend* for iron salts. 
* Phil. Trans. A. 1896, p. 533. 
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Current 3:18 amps., 


TABLE IV. Cobalt chloride (D). 


pressure 758 mm., 


temperature 17°4° C. 


Solution | A C p ey s10F P| 
| 

Die \% -V155 00622 1-0058 2-51 
8D | 16-50 00465 1-0050 S10 «4 
| 21-91 00311 1-0029 500 | 

oer | 2571 00207 1-0019 590 

| iD | 27-40 00155 1-0015 630 

LC AD 30-00 00078 1-0007 6-93 

PD | «| 31:24 00039 1-0004 7-22 

_ Water 32-40 ae 0:9988 750 | 


Current 3:18 amps., 


TABLE V. Cobalt chloride solution (D'), 


diluted with hydrochloric acid. 


pressure 760 mm., 


temperature 16°8° C. 


Solution A Cc p —x.107 
D' 9-61 00648 1-0062 2-06 
3D 15-51 00486 1-0432 3-62 
ip 20:80 00324 1-0803 B12 
ip 2620 | 00162 11173 6-75 
1p 28:80 00081 1-1358 TBD 
a py 30-00 00040 11450 7-97 
HCl 31-10 aa 1-1540 8:33 
| Water 39-40 2s 0-9988 7-50 

| | 


The values of y and C are plotted in fig. 3, but in the D curve 
the diamagnetic susceptibility of each solution has been increased 
by unity in order to separate the curves. A solution of hydro- 
chloric acid and water of density 1:129 had a susceptibility 
—790x10-’, and so the relation between concentration and 
susceptibility for hydrochloric acid and water is linear. 

From the curves it is clear that the susceptibility of an aqueous 
solution of a salt is accurately proportional to the concentration ; 
and the hydrates, whose existence is confirmed by conductivity 
and lowering of the freezing-point determinations and absorption 
effects, must be of such a nature as to allow the magnetic 
properties of the solution to be unaltered as their complexity 
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increases with dilution. If we suppose the water molecules to 
be condensed round the salt molecule as nucleus, and further 
assume sufficient instability on the part of the system so produced 


2s 


-X 10. 


DD: 


Cobalt Chloride. 


Rints © are for Agueous 


y Solution. 
/, Poin ts xX are for Acidic 
Solution. 
‘0015 ‘0030 -004-5 -0060 
————s C 
Fig. 3. 


that on the application of a magnetic field the salt molecule 
alone shall orientate, then the effect of complex hydration will 
not enter at all. On the other hand the effects observed by Jones 
will still be valid since they depend upon the size of the system 
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and not upon its structure. That these hydrates are of such an 
unstable nature is confirmed by the ease with which they break 
up on a slight increase in temperature. 

But it is not essential that the nucleus should be a simple 
salt molecule. It may be a salt molecule together with several 
molecules of water of crystallization, united to the salt molecule 
chemically, and distinct from the hyper-hydrates considered above. 
This is probably the case with all salts and determines the quantity 
of the water associated with the salt on crystallization. If by 
means of some dehydrating agent we could compel a portion of 
the chemically combined water to leave the salt we should expect 
a rise in paramagnetic susceptibility. This appears to be the case 
with the acidic solution of cobalt chloride in Table V. The 
solution D’ is one of cobalt chloride in water and the succeeding 
solutions were made by dilutions with hydrochloric acid. There 
is an appreciable curvature of the susceptibility curve corre- 
sponding to a gradual change in colour from the pink to the 
blue solution. The fact that the blue solution sometimes 
deposits crystals of anhydrous cobalt chloride is evidence that 
some of the salt molecules in the blue solution are dehydrated. 


SUMMARY. 


The complex hydrates, whose existence is indicated by con- 
ductivity and lowering of the freezing-point determinations, 
cannot be detected by their effect on the magnetic property of 
the solute. This is what may be expected if the hydrates 
themselves are unstable enough. The nucleal salt molecule or ion 
rotates independently of the condensed shell of water molecules 
on the application of the magnetic field. In the case of cobalt 
chloride there appears to be a definite chemical hydrate in solu- 
tion part or all of whose combined water can be removed by 
a strongly dehydrating agent. The solution so dehydrated has a 
maximum increase in paramagnetic susceptibility amounting to 
three per cent. 


In conclusion I wish to thank Prof. Sir J. J. Thomson for 
the great interest he has taken in this work. 


428 Mr Hughes, A Note on short Wave Lengths 


A Note on short Wave Lengths in the Mercury Arc Spectrum. 
By A. Ll. Hucues, M.Sc., B.A., Research Scholar of Emmanuel 
College. (Communicated by Professor Sir J. J. Thomson.) 


[Received 15 December 1911.] 


In experiments on the photo-electric effect, it is often of 
importance to know the shortest wave length in the spectrum 
of the light used in the experiments. The most convenient source 
of ultra-violet light is the mercury arc in quartz glass. A photo- 
graph of the spectrum of the light from such a mercury arc 
showed that the shortest wave length was apparently about 
2300. However, it was found that the unresolved light from 
this arc produced electrons of much greater velocities than those 
produced by the isolated group of wave lengths between 22300 
and 22400. It was therefore suspected that there were shorter 
wave lengths in the spectrum than were indicated on the plates. 
A number of photographs were taken with exposures varying 
from five to twenty minutes. (An exposure of two or three 
seconds was sufficient to show all the lines up to 42300.) The 
plates were all more or less fogged, but on some of them, certain 
faint lines were observed in the extreme ultra-violet. These lines 
appeared on ten out of the eighteen plates that were exposed. In 
order to calculate the wave lengths of these lines, photographs of 
the spectrum of the Al spark were taken on the same plates. 
There are four well known lines in the ultra-violet spectrum of 
the Al spark, viz. 11854, 11862, 11935 and 41990. Taking these 
lines as standard, a quadratic formula connecting the wave lengths 
and the distance apart was used in calculating the new wave 
lengths in the Hg are spectrum. The new wave lengths are 
given in the following table together with the wave lengths 
attributed to the last three by Stark * and by Steubingf. 

The fact that 11849 is the shortest wave length in the light 
from a mercury are in quartz glass is shown in the following way. 
The maximum velocity of electrons emitted from a certain zine 
surface was found to be 2°02 volts?, when the unresolved light 
from the mercury lamp fell upon it. The light was then passed 
through a spectroscope and the maximum velocities corresponding 
to individnal wave lengths were investigated. All wave lengths, 
except 41849, gave smaller maximum velocities than the un- 
resolved light. It appears therefore that 1849 is the shortest 


* Ann. d. Phys. xxt. 1906, p. 457. 

+ Verh. d. Deutsch. Gesell. 1909, p. 563. 

+ It is convenient to express the velocities of the electrons in terms of the 
potential difference which is necessary to reduce their velocities to zero. 
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wave length in the light emitted by the mercury lamp used in 
this experiment. The maximum velocity corresponding to 11849 
was 2°06 volts, a little higher than that corresponding to the 
unresolved light. This small difference is easily explained by the 
fact that it is difficult to avoid a slight scattering of the light 
from the illuminated plate to the surrounding’ electrode. The 
scattered light causes an emission of electrons to the plate, tending 
to reduce its potential. The effect is larger when all wave lengths 
in the ultra-violet are scattered than when only one wave length 
is scattered. 


Stark Steubing 
| 1849 | = | = 
| = *1909 | — = 
[gins (= red)" i940 
| 978" 1° “1979-36 1971 
2002 | 2002:24 | 2000 


* Appeared only on three plates. Very faint. 


A photo-electric investigation* of the spectrum of the mercury 
are showed that it extended as far as 11230 and that there was 
a gap between 1780 and 1450. (The mercury are and the 
apparatus for indicating the wave length were in the same 
vacuum.) Taking these results in conjunction with the present 
experiment, it shows that the absorption of quartz glass begins 
somewhere between 1780 and X1849; to know exactly where 
the absorption starts would require a knowledge of the mercury 
are spectrum between these wave lengths. A detailed examination 
of the spectrum in this region would probably require Schumann 
plates. The plates used in this work, Wratten and Wainwrights’ 
Panchromatic and Verichrome, were almost insensitive in the 
extreme ultra-violet. The photo-electric effect, however, increases 
very rapidly with decreasing wave length and appears to show 
that 11849 is the shortest appreciable wave length emitted by 
the mercury are in quartz glass. 

The spectrograph used in this investigation was obtained by 
means of a Government Grant from the Royal Society. 


* Phil. Mag. (6) xx. 1911, p. 393. 
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The Coagulation of Colloidal Copper. Rate of Coagulation*. 
By H. H. Paine, M.A., BSc, late Scholar and Coutts Trotter 
Student, Trinity College, Cambridge. 


[Received 22 January 1912.] 


§ 1. Introductory. 


The addition of an electrolyte to a clear colloidal solution 
results, generally, in the coagulation of that solution. The liquid 
becomes opalescent, owing to the increase in size of the particles ; 
individual particles gradually become visible, and ultimately settle 
ig the bottom of the vessel, leaving the liquid above quite 
clear. 

The study of coagulation in the above sense has usually taken 
the form of a determination of the minimum concentration of the 
electrolyte required to bring about, within a certain time, some 
particular change in the appearance of the solution (such as 
opalescence, or, better, the complete separation of the colloid as a 
precipitate). It has long been recognised, however, that con- 
centrations of the electrolyte insufficient for bringing about this 
change in a short time—a few minutes, say—may yet be sufficient 
for the purpose if the liquid be allowed to stand for several hours, 
or perhaps days. 

Again, Duclaux and others have advanced the idea that 
coagulation is really a “time process,” that during it, the amount 
of substance in the colloidal state decreases gradually. 

That the process of coagulation is a gradual one can often be 
seen quite easily; but in order to trace it quantitatively, it is 
necessary to be able to distinguish clearly the coagulated material 
from the uncoagulated. Here a theoretical difficulty seems to 
present itself. If coagulation consists in the continuous coalescence 
of colloidal particles to form larger and larger masses, at what 
stage in this process are we to say that the masses in question 
represent the coagulated portions of the colloid? There seems to 
be exactly the same sort of continuity in this case as exists 
between the colloidal state and the state of coarse suspension. 
In practice, however, the difficulty is overcome by regarding that 
part of the colloidal substance which is easily separated from the 
clear solution—that is to say, the precipitated part—as the 
coagulated portion. The amount of the precipitate formed will 
then give us a measure of the eatent of coagulation. 


* Portions of this paper, on the Rate of Coagulation, were communicated to the 
Chemical Section, British Association, Portsmouth, 1911. 
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The properties of copper hydrosol are such as enable us to 
investigate the phenomena associated with these ideas. When 
this hydrosol is coagulated, the precipitate can be made to settle 
quite rapidly, so that the clear solution can be drawn off; further- 
more, the estimation of the copper content of these solutions can 
easily be made. 


§ 2. The Preparation of Colloidal Copper. 


The copper solutions examined were prepared by Bredig’s 
method, namely, by means of an are discharge under pure water 
between terminals of the metal. The actual arrangement used 
was as follows. The electrodes consisted of very stout copper 
wires. One of them was held fixed in a clamp, while the other 
was kept continuously rubbing lightly against it by means of an 
eccentric on the axle of asmall motor. ‘“ Making” and “breaking” 
thus occurred with high frequency, so that the discharge was 
kept up almost continuously. A potential difference of about 
fifty volts was used for supplying the current. It was noticed 
that, though the solution of copper consisted of positively charged 
particles, the whole of the metal came from the cathode (which 
was worn smooth). The anode presented quite a blistered appear- 
ance at the part where the discharge had taken place. The Jena 
flask in which the solution was prepared was placed in a bath, 
through which a stream of cold water was made to pass. 

In this way, reddish-brown solutions were obtained, which 
gradually darkened on being allowed to stand—partly on account 
of the settling down of some larger and lighter-coloured particles 
torn off in the discharge, and perhaps, also, on account of some 
change, chemical or other, in the colloid particles. The solutions 
were never filtered, as so much of the colloid is thereby with- 
drawn. After preparation, they were allowed to stand for a day 
or two, so that any large particles, or suspended matter, might 
settle. The clear liquid was then drawn off into another flask. 

The concentration of these solutions, as thus obtained, 
remained practically constant for days. A very slow, but con- 
tinuous, deposition of the colloidal substance was always noted, 
however; but this was not sufficient to produce an appreciable 
error in the results of the longest series of experiments carried 
out. 

The water used for preparing the solutions had been redistilled 
in a Jena glass apparatus (after the addition of small quantities of 
sulphuric acid and potassium bichromate). Its conductivity was 
generally about 1:0 x 10~ reciprocal ohms per centimetre cube at 
18° C., and the conductivity of the solutions varied from 1 x 10 
to 3 x 10° in the same units. 
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§ 3. The Action of Nitric and Sulphuric Acids. 


The effect of acids upon the copper colloidal solution was 
determined. Nitric and sulphuric acids were chosen for ex- 
periment—the one containing a monovalent anion, and the other 
a divalent. 

It was found that on the addition of nitric acid, no coagulation 
was brought about. The solution of copper became gradually 
paler in colour as the amount of acid increased, until, at a certain 
point, the colour disappeared altogether. Throughout the whole 
process no trace of any cloudiness or coagulation could be detected. 
Allowing solutions containing less acid than was required to 
destroy the colour to stand for twenty-four hours, gave no different 
result. 

Raising the temperature of the solution greatly increased the 
rate at which the nitric acid “dissolved” the copper, but the 
extent of the action was unaltered thereby. 

That the acid was neutralised by the copper was made evident 
by adding to the solution a drop of methyl orange. Until the 
copper was dissolved, the indicator did not suffer any change, but 
a slight excess of the nitric acid caused the solution to become 
pink. 

When an amount of sulphuric acid was used, equivalent to 
that of the nitric acid which dissolved the copper, the result was 
the same as before. Smaller quantities, however, dissolved part 
of the colloid and coagulated the remainder. 

Since we are dealing with a positive colloid, it is the anion of 
the electrolyte which is effective in bringing about coagulation. 
In this action the divalent sulphate ion is much stronger than the 
monovalent nitrate ion. It so happens that the concentration of 
the hydrogen ions required to dissolve the copper is smaller than 
the concentration of the nitrate ions, but greater than that of the 
sulphate ions, required to produce coagulation. 

If the colloid be first of all coagulated with a salt containing a 
monovalent anion, the addition of nitric acid results in the re- 
formation of the colloidal solution (a clear brown or yellow liquid) 
and then in the disappearance of the colour of this solution. 
When the coagulation is brought about by a salt containing a 
divalent anion, this intermediate stage does not occur; the 
solution of the precipitate to a colourless liquid takes place 
directly. 

The amount of nitric acid necessary for dissolving the colloid 
is directly proportional to the amount of colloid present, and 
independent of the dilution. Exactly the same quantity of acid 
is required whether the colloid be still in solution or whether it 
be precipitated first of all, 
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The simplest explanation of this reaction lies in the solution of 
the copper by an equivalent amount of acid to form cupric 
nitrate, which in such minute quantities gives a practically colour- 
less solution. In order to test this hypothesis, the quantity of 
copper in 250 c.c. of the solution was determined by a gravi- 
metric process. The colloid was precipitated by a few cubic 
centimetres of a dilute sodium sulphate solution, washed with 
distilled water, collected on a filter, and dried. It was finally 
ignited (with the filter paper) in a weighed crucible, after the 
addition of a couple of drops of concentrated nitric acid, and 
weighed as CuO. 

The amount of Na,SQO, introduced into the colloidal solution 
was 0:0023 gram. Of this, the sodium ions formed may safely be 
regarded as having remained in the liquid, and having been 
separated from the precipitate*. The sulphate ions were in part 
absorbed; consequently some of the copper in the crucible was 
present as CuSQO,. Since this absorption only amounts to about 
one quarter of the quantity added+, the necessary correction is 
small (about 0:0004 gram), and any uncertainty as to its exact 
value is of little consequence. 

This experiment gave 0°041 gram as the mass of copper 
present in 250 c.c. of the colloidal solution studied. A titration 
with nitric acid solution (standardised with sodium carbonate) 
gave the value 0:045 gram for the copper content of 250 c.c.—on 
the assumption that the copper is “dissolved” by an equivalent 
amount of acid, that is to say, one gram-atom of Cu by two gram- 
molecules of HNO;. The agreement between these two values 
confirms the explanation given of the action of nitric acid—that 
colloidal copper is dissolved by its equivalent weight of acid. 

The existence of this equivalence provides us with a very 
convenient method for estimating colloidal copper, viz. that of 
titrating with dilute nitric acid. The disappearance of the brown 
or yellow colour of the solution, or of the bulky particles of the 
precipitate—which takes place quite rapidly when the liquid is 
hot—forms an easy and accurate method of observing when the 
copper is dissolved. In all the colloid estimations made in the 
following experiments, this was the method adopted. Since there 
were only about 4 milligrams of copper in 25c.c. of any of the 
original solutions used, a gravimetric method was out of the ques- 
tion, as being too inaccurate and too laborious for a long series of 
experiments. 

Only neutral salts which did not undergo hydrolysis were used 
for producing coagulation, so that the titrations were not compli- 
cated by a superposed acidity or alkalinity. But there is another 
fact which requires consideration in this connection. In the 

* Linder and Picton, J. C. S. Trans. txvu. p. 66. + See later. 
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addition of salts to positive colloids, a certain number of hydroxy] 
ions are liberated, equivalent to the anions absorbed by the 
colloid*. As long as the particles from which these hydroxyl 
ions are liberated remain in the solution, the result is quite 
unaffected ; but when some of them are precipitated and removed 
from the liquid so as not to be titrated the ones that are left will 
have a larger number of these ions associated with them. This 
excess would go to the neutralisation of part of the acid used in 
titration. The calculation just given of the amount of sulphate 
ions absorbed shows at once that the error thus introduced is 
quite small (never more than 1°/,) and may safely be neglected 
in practice. 

The question arises whether the result of the chemical 
equivalence between the copper and the nitric acid in the re- 
action here considered throws any light on the composition of the 
particles themselves. Nitric acid dissolves metallic copper ac- 
cording to the equation 

3Cu + 8 HNO, = 3Cu(NO,), + 2NO + 4H,0. 
With cupric oxide (or hydroxide) the equation would be simply 
CuO + 2HNO, = Cu (NO;), + H,O. 

The results of the experimental analysis described above show 
that the proportion of Cu and HNO, involved in the solution of 
copper hydrosol satisfies the second equation but not the first, as 
though the particles consisted of the oxide or hydroxide of copper 
and not of the metal itself. However, the action of nitric acid on 
metallic copper as shown in the first equation may be complex ; 
an atom of Cu may be dissolved by two molecules of HNO,, the 
“nascent” hydrogen liberated afterwards reducing some of the 
excess of HNO,;. It may then be urged that with such finely 
divided material as we have in a colloidal solution, and with 
such smal] traces of nitric acid, this secondary reaction may 
not occur. But in this case we should expect an evolution of 
hydrogen, which, for every 25 cc. of the solution (containing 
‘004 gram of copper), would amount to more than 1 cc. in volume. 
The evolution of such an amount could not fail to be detected, 
whereas no trace of effervescence occurred. The evidence there- 
fore seems to be entirely in favour of regarding the particles as 
consisting of cupric oxide or hydroxide. Metallic copper is 
certainly torn off in the discharge during the preparation of the 
solution, for large quantities of it collect on the bottom of the 
preparation flask, and show the ordinary reaction with nitric 
acid. It is probable, therefore, that the oxidation of the colloid 
particles is a subsequent effect, and may be partly responsible for 
the darkening of the solution observed after the preparation, 
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4. The Coagulation of Colloidal Copper with Mono- and 
g y _vopp 
Di-valent Anions. 


When a solution of colloidal copper is coagulated by means of 
an electrolyte, the precipitated particles flock together on gently 
shaking and settle fairly rapidly. If the coagulation be complete 
the supernatant liquid will be colourless, while for intermediate 
stages it will have the brown or yellow colour of the substance 
still remaining in solution. 

This flocking together of the coagulated particles, whereby 
rapid settling is brought about, was aided in one of two ways. 
In the first the liquid was heated till it was close on boiling and 
then placed to stand, while in the second it was gently stirred 
without having recourse to heating at all. The first we shall 
refer to as the “hot” method and the second as the “cold.” Both 
these methods introduce complications which will have to be con- 
sidered later. The general (qualitative) results are unaffected, 
however, and for the present it is with these only that we shall 
deal. 

Rate of Coagulation.—The object of the experiments was to 
trace the coagulative process by measuring the concentration of 
the colloid still in solution after various intervals of time. 

Experiments with a similar object have been performed by 
Miss Chick and C. J. Martin on the “heat-coagulation” of 
proteins—hemoglobin and egg-albumen*. This so-called “ heat- 
coagulation” appears to be, first of all, a reaction between protein 
and water, leading, in the second place, to the precipitation or 
agglutination of the former. In these earlier experiments the 
results obtained concerned the first stage only, as the time 
required for the second was relatively small. More recently, how- 
ever, by experimenting with denaturated protein, they have been 
able to study the actual precipitation process—the real coagu- 
lation of the substance+. In these later experiments the times 
which elapsed from the instant of putting the solution to stand, to 
the first distinct appearing of the precipitate, were noted. The 
reciprocals of these times give numbers proportional to the rates 
of coagulation of these substances. It was found that there were 
temperatures between the limits of which alone coagulation or 
agglutination was possible. The effect of the addition of electro- 
lytes varied according to the source from which the proteins were 
obtained. In one case, with the addition of salt, the rate of 
coagulation increased ; in another it decreased. The properties 
of these solutions seem to be much more complex than those of 
inorganic colloids. 


* Journ. of Physiol. July 1910, and Sept. 1911. 
+ Brit. Assoc. 1911, 
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In carrying out the experiments with colloidal copper the 
following method of procedure was adopted. Generally 200 c.cs. 
of the colloidal solution were introduced into a 500 c.c. Jena glass 
flask. A known volume of a standard solution of the salt 
(Na,SO, or NaCl) was then added drop by drop, the contents of 
the flask being stirred the while to ensure thorough and rapid 
mixing. When the hot method was employed for causing the 
coagulated particles to settle, the stirring was continued for about 
two or three minutes, and then the flasks were put aside to stand. 
From time to time about 35c.cs. were drawn off into a 100ce. 
Jena flask, heated till close on boiling and placed to stand. 


Concentration of Caclavics 


When, after a few minutes, the precipitate had settled completely, 
25 c.cs. of the clear solution were drawn off and the copper con- 
tent determined volumetrically. With the cold method, gentle 
stirring was continued throughout the experiment, except that 
from time to time it was stopped, the precipitate allowed to settle, 
and 25c.cs. of the clear liquid drawn off and titrated with the 
standard nitric acid. 

The general results were as follows. For a certain initial 
period no precipitation occurred. When it set in, it was rapid at 
first, then becoming slower and slower as shown in the curve 
(which is one obtained in an experiment with Na,SQ,). 

A certain small amount of coagulated material was always 
found in the liquid, even during the “initial period.” This is due 
partly, perhaps, to the effect of heating the liquid before the 
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portion for titrating was drawn off, but more probably to the fact 
that in the addition of the salt solution high concentrations occur 
in places before the liquids have time to mix thoroughly, with 
the result that in these localities small portions of the colloid 
reach the condition for coagulation at a high rate. It may be 
remarked that using the “cold” method such an effect would 
not easily be detected. In the early stages of the precipitation 
the particles are so fine that it is almost impossible to get them 
to settle in a convenient time. 


§ 5. The Absorption Curve. 


It has been shown* that in the coagulation of colloidal 
solutions by means of electrolytes the ions which possess charges 


RasorPTIONn Curve 


u C = conc™ in sol”. C, 
Fig. 2. 


opposite in sign to that of the colloid particles are absorbed, and 
that for ions of varying valency the absorption takes place in 
equivalent proportions. Since, for coagulation, very much larger 
amounts of the salt are required to be added to the solution if the 
effective ion is monovalent than if it is divalent, and so on, it 
follows that as we increase the valency of the ions the proportion 
of them absorbed by the colloid increases also. Thus Freundlich 


* Whitney and Ober, J. Amer. C. S. 1901, xxt. p, 842; Freundlich, Zeit. Phys, 
Chem. 1910, uxxim. 4, p. 380. 
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found that for a hydrosol of arsenious sulphide containing 1°86 
grams of As,S, per litre, 0:093 milligram-molecule of Al (NO;)s 
or 4Ce,(SO,); were required per litre for coagulation. The amount 
of the ions absorbed per gram of As,S, is given as about 0-087 
milliequivalent, or 0°162 milliequivalent for 1 litre of the above 
solution, 7.e. 0°054 milligram-molecule in the case of a trivalent 
ion. This would mean that about 50 or 60°/, of the trivalent 
ions were absorbed by the As,S, in its coagulation, as compared 
with a small fraction of 1°/, in the case of monovalent ions. 

The great difference in the percentage absorption and likewise 
in the “coagulative powers” of ions of different valency has 
received a satisfactory explanation from Freundlich based on the 
form of the absorption curve. He found that for the same colloid, 
ions of differing valency were absorbed equally strongly in equt- 
molecular concentrations. If then the relative condition for 
coagulation be that equivalent quantities must be absorbed, it 
follows from the absorption curve that the concentrations in the 
solution will differ widely for the ions of different valency. 

Thus in the above curve, where the coordinates are expressed 
in molecular units, if OC, represent the solution concentration of 
monovalent ions required for coagulation, OC, will represent the 


corresponding solution concentration for divalent ions. The 
1 


equation of the curve is of the form y=a.c”, and Freundlich found 
that the value of = lay between 0°14 and 0:20 for the different 


colloids studied. 

An example of the working of this hypothesis was found in 
the coagulation of colloidal copper solutions by means of salts 
with mono- and di-valent anions (NaCl and Na,SO,). The 
amounts of these salts required to bring about coagulation at the 
same rate were noted. On Freundlich’s hypothesis we have for 
the monovalent ion 

1 
YyY=a.C,” say. 


For the divalent ion (an equivalent absorption) we have 


Dividing we get 


Experimentally 1:27 x 10~* gram-molecules of Na,SO, behaved 
the same as 81 x 10~° gram-molecules of NaCl in 215c.c. of the 
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copper solution. Allowing about one-fifth for the absorption of 
the sulphate ion (the accuracy of this amount has very little 
effect on the calculation we are making), the ratio of the two 


concentrations (= | is about 80, whence “= 0:16 approximately. 


This value is the same as the one, 0°1617, obtained directly by 
Freundlich for (negative) colloidal gold. 

We can extend this result to finding the concentrations in the 
solution of the tri- and tetra-valent ions necessary to bring about 
coagulation at the same rate. We thus obtain as solutions of the 
equations 

(SX 10=*/e)) = 3; 
and (Sez tic — a 


c,=8 x 10-7, and c,= 1:4 x 107’, these being the fractions of a gram- 
molecule in 215 cc. of the colloidal solution; for 50 c.c. solution 
we should obtain 


é= 1:9 x 107, and |e¢,= 0°33 x 107” gm.-mol. 


Before the experiments on the rate of coagulation were per- 
formed, a number of observations were made on the coagulation of 
colloidal copper solutions with potassium ferri- and ferro-cyanides, 
containing tri- and tetra-valent anions. In these latter cases the 
process seemed to be much more sudden if it took place at all ; 
solutions not quite coagulated at the end of one or two hours, 
seemed to remain unaltered when left for several days. 

Accordingly, experiments with these salts took the form of 
determinations of the amounts required to produce coagulation 
when left to stand for an hour or two, the results being apparently 
the same as those which would have been obtained if the solutions 
had stood for a much longer time. 

The method employed was to titrate the colloidal solution 
with solutions of the salts. The larger part of the electrolyte was 
added at the beginning of the experiment and the last few drops 
much later—the final addition taking place usually two or three 
hours after the first one. The amount of electrolyte added was 
deduced from the number of drops from the burette and the 
average mass of a drop—this method being sufficiently accurate 
for the purpose, as forty or fifty drops usually were required. 

It was found that using colloidal solutions of various con- 
centrations, the dilutions being made by the addition of distilled 
water, the amounts of ferri- and ferro-cyanide solutions required 
to produce complete coagulation were nearly proportional to these 
concentrations. In several series of experiments this pro- 
portionality seemed to be exact, though in others it was only 
approximate, a proportionately larger amount being required for 
the more dilute solutions. 
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These results are satisfactorily explained if nearly the whole 
of the trivalent and tetravalent ions are absorbed by the colloid. 
The ions are removed from solution; their concentration is sup- 
pressed, until, when coagulation has been reached it has only 
some small value—that required to bring about the actual ab- 
sorption. 

It was found that the amounts required to coagulate 50 c.c. of 
the colloidal solution varied from 4 to 7x10 gm.-mols. of 
K,Fe(CN),, and from 35 to 6 x 10-7 gm.-mols. of K,Fe (CN). 

If we compare these results with those obtained from the 
absorption curve we notice that the smallness of the concentration 
of the tetravalent ion in the solution as compared with the total 
amount added is in agreement with the observation that nearly 
the whole of the ion is absorbed. This cannot be said, however, 
for the results of the experiments with the trivalent ferricyanide 
ion. Moreover, a smaller number of gram-equivalents were re- 
quired for coagulation with this ion than with the other. It is 
possible that a chemical change in the K,Fe(CN), would account 
for the discrepancy. Though these solutions were stored in the 
dark the experiments were carried out in the light. The sen- 
sitiveness of the salt solution to light might have been responsible 
for a chemical change, or the colloid itself might have had some 
effect. It was also found that when the coagulated copper was 
dissolved by the addition of a few drops of sulphuric acid, copper 
ferrocyanide, Cu,Fe(CN),, of characteristic red colour was pre- 
cipitated, both when the coagulation had been brought about by 
K,Fe(CN),, and also when it had been brought about by 
K,Fe(CN),. No difference could be seen between the two cases. 
It is as though the trivalent (Fe(CN),)” ion had been converted 
into the tetravalent (Fe(CN),)””. Considering only the results 
with potassium ferrocyanide (K,Fe(CN),), however, we have 
satisfactory agreement between theory and experiment. These 
results may then be used as giving some idea of the number of 
gram-equivalents of any don absorbed by the colloid in coagu- 
lation. 


§ 6. The Action of Heat. The “ Methods” of Section 4. 


Solutions of colloidal copper may be heated to 100°C. for a 
short time without any appreciable effect. Prolonged heating 
(on a water-bath) for about an hour causes coagulation to set in. 

A rise in temperature produces a slight increase in the rate of 
coagulation when sodium sulphate (with a divalent anion) is used 
as coagulant. The rate of this increase (which was not measured 
accurately, but which is of the order of a quarter for a change in 
temperature of 20—30°C.) is very much smaller than that which 
obtains in chemical action generally. With potassium nitrate 


_ 
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(monovalent anion) there seems to be a retarding effect, but that 
is due to the fact that warming such solutions causes some of the 
coagulum to redissolve. In the “ hot” method, since the heating 
of the solution only required about a minute, an increase in the 
rate of coagulation as just described for sodium sulphate would 
have but little effect on the result. 

That there is no very marked change in the rate of coagulation 
near 100°C. was found by observing the effect of keeping coagu- 
lating solutions on the water-bath for various intervals of time. 
The longer the heating, the greater the increase in the amount of 
coagulation ; but the effect is not large, so that we may conclude 
that it could not be of importance in the short time the solutions 
are heated in the “hot” method. Shaking the solutions at these 
high temperatures also produces a marked increase in the amount 
of coagulation. 

On comparing the two methods, the “ hot” and the “cold,” it 
was found that solutions treated according to the “ hot” method 
showed greater coagulation than those treated according to the 
“cold.” This was partly due to the fact that at ordinary tempera- 
tures the flocking together of the coagulated particles did not take 
place so readily as when the solutions were hot. One had some- 
times to wait quite a considerable time for the particles to settle 
when the solutions were cold. Further, on account of this in- 
creased readiness of the particles to flock together at the higher 
temperature, it is probable that raising the temperature causes 
particles of a smaller size to adhere to one another than would 
otherwise do so. Then, finally, there is the direct action of heat 
on the “rate” of coagulation. 

In the cold method the continuous stirring increases the rate 
of coagulation, but the influence of this treatment is not so great 
as of that we have just been considering. 

The advantage of the cold method lies in the fact that heating 
the solution is avoided. The clearing of the liquid when standing 
to settle is nothing like so effective, however, as when the solution 
has been heated to boiling. Both methods introduce errors, and 
hence the interpretation of individual curves is to that extent un- 
certain. It is important to notice, however, that if the effect of 
heating the solution differs for solutions coagulating at different 
rates, it will be more pronounced for the more rapid coagulation— 
when for example there is a larger concentration of the electrolyte. 
The stirring effect, on the contrary, will be proportionately larger 
for the slower coagulations, for here the stirring is more prolonged. 
The fact that the same results are obtained with both treatments 
using the method of comparison described in the next section, is 
powerful evidence that we are able to eliminate the errors of 
individual curves. 
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The “hot” method is only trustworthy for coagulation with 
salts like sodium sulphate containing a divalent anion, since with 
monovalent anions the coagulation appears to be reversible to 
some extent, and quite a large amount of precipitate will some- 
times go back into solution on heating. Notwithstanding, when 
the method was actually tried, the comparative results were 
practically identical with those obtained by the other method, so 
long as the comparisons made were between solutions of the 
same colloidal concentration. 


$7. Variation of Rate of Coagulation with Concentration 
of Electrolyte. 


By comparing the coagulation curves obtained with colloidal 
solutions to which various amounts of salt had been added (so that 
the rates of coagulation were different), it was found that the 
abscissae of points with the same ordinate bore a constant ratio to 


one another for different values of this ordinate; that is, one curve — 


could be made to coincide with another if all the time coordinates 
were increased (or diminished) in a constant ratio. This ratio, 
therefore, may be taken as the rate of coagulation of the one 
solution relative to the other. It is the inverse ratio of the times 
taken by the two solutions to reach the same stage in the 
coagulative process. This is the method of comparison adopted, 
and is the basis of all the deductions made from the following 
experiments. The relative times were measured for various parts 
of a pair of curves, and the mean taken. 

The curves of Fig. 3, taken from an experiment with sodium 
sulphate, show the relation. The results of this series are given 
in Table I on p. 445. (Expt. 1) The curves show the coagula- 
tion with 11:0, 10°0 and 9-0 c.cs., respectively, of the Na,SO, 
solution. 

In this way we avoid to a large extent the errors which the 
methods (already described) of treating the solutions necessarily 
entail. So long as the extra coagulation brought about by 
heating the solutions is the same (or only approximately the same, 
since we are dealing with very large changes in the rate of 
coagulation), the results will be unaffected. Corresponding points 
(referring to the same stage in the coagulation) remain corre- 
sponding points if the ordinates are affected equally. 

For each series of experiments it is necessary to use from the 
same stock of colloidal solution. Apart from variations in the 
concentration of copper, the size of the particles, or any other 
property of them, may vary for solutions prepared on different 
occasions, and so make it impossible for a fair comparison to be 
made. 
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A number of experiments were carried out for the purpose of 
determining how the rate of coagulation varied with the concen- 
tration of the salt. The quantities of colloid used were the same, 
and the total volumes of the solution were made the same by the 
addition of the required volumes of distilled water. The amount 
of salt present was the only variable. It was found that the rate 
of coagulation increased rapidly with the increase in the concen- 
tration of the salt. With each of the two methods of treating the 
liquid (the hot method and the cold), the relation could be 
expressed with close approximation by the formula 


(- on) ce CP, 


where m is the concentration of the colloid, c that of the salt, and 
p is a constant. 


Fig. 3. 


Here an important correction must be considered. Some of 
the anions are absorbed by the positive colloid particles, and are 
therefore removed from the solution. From Freundlich’s results 
on absorption already cited, we know that for the monovalent ions 
the relative absorption is small, and need not concern us in the 
calculation. But for the divalent ions, the fraction absorbed 
amounts to a quarter or even more of the whole quantity added. 
For experiments covering but.a small range of concentrations of 
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salt, one obtained a close agreement with the above “ power” rule 
by writing down the total addition of the salt (or anion) for ce, 
only the index p had a higher value; the necessity for making c 
refer to the concentration in the solution was made apparent when 
experiments over a wide range were carried out. In one series 
with Na,SO, (using the “hot” method) the solution with greatest 
concentration of electrolyte coagulated several thousand times as 
rapidly as the one with least—the one beginning to show a 
precipitate after about 2 minutes, and the other after about 
4 days. In these experiments the results did not follow the 
“power” rule until the corrections for the absorption were intro- 
duced so that c referred to the concentration of the anions in the 
solution. 

A further question arises with regard to this absorption. Does 
the amount of the anion absorbed by the colloidal particles when 
coagulating vary with the rate at which coagulation takes place, 


2.e. with the concentration of the salt in solution? From the 
1 


absorption relation y=a.c”, we should certainly expect that it 
would. This would mean that the condition for coagulation is not 
that the average absorption should reach some definite mimimum 
value. The accuracy obtained in these experiments was not 
sufficient to throw any light on this question as the variation to 
be expected was not large enough. 

Unfortunately, the necessity for an absorption correction was 
not realized until all the experiments had been completed. Con- 
sequently it was impossible to obtain an accurate value for this 
correction, on account of the fact that solutions prepared on 
different occasions were not comparable for these purposes (owing, 
for example, to the difference in size and surface of the particles). 
The method of procedure therefore was as follows. The curve 
log (rate of coagulation) : log (concentration of anion) was plotted 
for the longest series—the one just described. Without the 
correction for absorption, this is not a straight line. The value of 
the correction necessary to transform the curve into a straight 
line was found by trial—both for the case of a constant correction, 
and for corrections which were related according to the absorption 
law. This correction was in agreement with the absorption 
deduced from various experiments with K,Fe(CN), in other 
solutions. 

Table I shows the results for several series of experiments with 
sodium sulphate and sodium chloride. The 2nd column gives the 
volumes of the standard salt solution added, and the 3rd the 
“means” of the curve ratios deduced in the manner already 
described. 
lec. of Na,SO, solution contained 1°41 x 10-* gm.-mol. Na,SQ,. 
1 c.e,.,, NaCl " gin sl OSG MOF i NaCl. 
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The following three curves (Fig. 4) were drawn for experiment 
I. Curve I shows the relation between the logarithm of the rate 
of coagulation and that of the concentration of the salt uncorrected 
for absorption. Curves II and III show the same relation after 
the corrections for absorption had been applied—in the former 
the correction being a constant quality (= 2°5 c.c.), in the latter the 
corrections for the various points being related according to the 
absorption law (varying from 2°65 c.c. for the smallest concentration 
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Fig. 4. 


to 3°25 cc. for the largest). It was found that the points lay more 
nearly in a straight line when the former correction was smaller 
than the latter. The correction of 2°5c.c. corresponds to an 
absorption of 3°5 x 10-* gm.-mol. of (SO,)”, te. about 7 x 10~% 
gm.-equivalent. From § 5 we have at once that the absorption of 
the tetravalent ion in a number of experiments varied from 3:5 to 
6 x 10-7 gm.-mol. per 50c.c. colloidal solution, ze. from 5°6 to 
9-6 x 10 gm.-equivalent per 200 cc. 
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From the relation (- ) oc cP, we have at once 


dloge 


Hence, the inclination of the straight lines in Fig. 4 gives us the 
value of p. We thus have p= 6'0 for both II and III, these two 
lines being almost parallel. 
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Fig. 5. 


For the other two sodium sulphate experiments recorded in 
Table I, the range of observations was not sufficiently wide to 
give any definite indication of what the magnitude of the absorp- 
tion correction should be. Hence the value obtained from the 
first experiment, viz. 25 cc. was employed. Plotting the log- 
arithms of the rates of coagulation, and of the corrected concentra- 
tions, as before, we obtain for the value of p in Expt. IT, 62, and 
in Expt. III (where the solutions were treated according to the 
“eold” method), 5:1. 
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An absorption of 7 x 10° gm.-equivalent (as determined for 
Expt. I) corresponds to 0:07 cc. of NaCl solution as used for 
Expts. IV and V. This small correction (practically negligible) 
was applied before drawing the corresponding curves for these 
experiments (Fig. 5). The two values of p given by IV and V are 
4-8 and 46, respectively. 

It will be seen that the index p has about the same value for 
monovalent and divalent anions. There is a tendency for the 
results for the “cold” method to show a slightly lower value than 
those for the “hot.” This difference may be due to the fact, that, 
with the cold method, the particles do not so readily flock together 
and settle, as with the hot. This apparent lag in the coagulation 
is more perceptible the more rapid the process—when the periods 
are short—and consequently the increase in the rate of coagulation 
with the concentration of the salt appears to be less. 

A number of experiments with monovalent anions using the 
“hot” method gave a value for p close on 6:0, though, as has been 
already stated, the method would not be trustworthy on its own 
account. 


§ 8. Variation of Rate of Coagulation with Concentration 
of Colloid. 


Experiments were carried out with colloidal solutions of various 
concentrations with a view to determining what iniluence the 
concentration of the particles in the liquid had upon the rate of 
their coagulation. The total volume of the solution was kept 
constant, and was made up with definite volumes drawn from the 
stock solution of copper, with the requisite additions of distilled 
water. The amount of electrolyte added in each case was the 
same. In this series, comparing solutions of different colloidal 
concentration, the same stages in the process are reached when 
the same fractions of the copper have been precipitated in each 
case. The rule for the constancy of the time ratio for any pair of 
curves then holds. 

For this series also, a correction for the absorption of the 
divalent ion had to be applied. Since the concentration of the 
copper was not the same in all the solutions, the amount of the 
absorbed part of the salt varied also, and hence the part left in 
the solution varied in the reverse way. To make the results 
comparable, the time ratio for each curve was reduced to what it 
would have been, had the concentration of the anion in the 
solution itself been the same. This correction was made by means 
of the results of the previous section. 

It was found that for coagulation brought about by the addition 
of Na,SO, (using the “cold” method) the times required for the 
concentration of the colloidal copper to fall to some particular 
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fraction of its initial value, were inversely proportional to the 
initial concentration of the colloid. The actual amount of 
coagulation taking place in each case is, of course, proportional to 
the concentration. Hence the rate of coagulation—the rate at 
which colloidal particles come together—is directly proportional 
to the square of the initial concentration. 

Thus if R represent the mean rate of coagulation over a certain 
period ¢, then Aé will be the actual amount of coagulation in this 


period, and =i the fraction of the whole m. 


Hence for “corresponding points ” we have 


1 1 
— Rt, =— Rt, = ete. 
q ii Ms 


By experiment it was found that 


Lae | 
(AB Up ecu === oor 
Mm, Mz 
Z 1 - 
Therefore — Rk, = —. R, = ete, 
m? Ms 
or Ro m2. 


Table II contains the results of several series of experiments 
which illustrate this. The first column gives the particulars of 
each series; the second, the amount of original copper solution 
present in each experiment; the third, the mean “ time-ratio” for 
the coagulation curve (referred to the first one of the series). 
The fourth column gives these latter values corrected as already 
described. It was found that the best results, that is, most near 
to the theoretical ones of the fifth column, were obtained by 
taking the absorption somewhat less than that obtained in the 
experiments of the last section, viz. 1°6 c.c. of Na,SO, solution for 
200 c.c. of the colloid. This would mean an absorption of the 
sulphate ion amounting to 4°5 x 10-* gm.-equivalent per 200 c.c. 
of the colloidal solution, 

The solutions were treated according to the “cold” method. 

1 cc, Na,SO, solution contained 1:41 x 10-* gm.-mol. Na,SOQ,. 

With NaCl (using the “cold” method) this relation was 
departed from. The coagulation with this salt (as also with 
others containing a monovalent anion) is to a certain extent 
reversible. If the direct coagulating effect is proportional to the 
square of the initial concentration, and the reverse effect is simply 
proportional to the initial concentration, then, since the reverse 
action does not increase so rapidly with the concentration as the 
direct one does, the proportionate variation of the resultant 
coagulation with concentration will be more rapid than is the case 
with non-reversible coagulation. 


(c.es) Observed Corrected (« Psi 
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TABLE II. 
Amount of Time-ratios 
original near iis a 
Experiment colloidal ‘Eicon et 5 = 
solution 
150 1-00 1-00 1-00 
125 1-02 el 1:20 
re 
With 7:0 c.c. of 100 Jigs 1:56 1:50 
Na,SO, solution. 
Total volume 75 beds; 1:88 2-00 
= li ee: 
50 1:78 3°40 3°00 
25 Sod, 7°20 6:00 
200 1:00 1-00 1-00 
150 1-07 1:39 ss, 
EE 
With 9-0 c.c. of 100 1-20 201 2-00 
Na,SO, solution. 
Total volume 75 1°35 2-55 2°67 
= 209 c.c. 
50 1:80 3°82 4:00 
25 3°42 8-14 8-00 
= 
PEL: 150 1-00 1:00 1:00 
With 6:0 cc. of 
Na,SO, solution. 100 96 1-43 1:50 
Total volume 
= 156 ¢.c. 50 Lg 3°18 3°00 
IV. 150 1-00 1-00 1:00 
With 5-0 c.c. of 
Na,SO, solution. 100 ‘90 1-48 1:50 


Total volume 
— 155 ce. 50 1:07 2:78 3°00 
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[Or thus: If we write R, the rate of coagulation, equal to 


km? — qm, 
dR 
then aa 2hm —q 
_ 2km? _ 2qm 
am m 
2h 
=— Rae + qs 
whence dk _ dm el dm 
ea es Linpae 
For non-reversible action we should have simply, 
dk _ dm ] 
te Papin 


This is what we actually find in the experiments with NaCl. 
Thus in one series when the amounts of colloid present in each 
experiment were 150, 125, 100, 75 and 50 c.cs. of the original 
solution, the “time-ratios” were 1:00, 1°27, 1°71, 2°32 and 5°6 
respectively, instead of the theoretical 1:00, 1:20, 1°50, 2:00 and 
3°00. In another series with 150, 100, 75 and 50 c.cs. of the 
original solution in the several experiments, the “time-ratios” 
were 1°00, 1:99, 3°09 and 5°9. 

Using the hot method with Na,SO,, we find that the rate of 
coagulation varies somewhat more rapidly with the concentration 
than we should expect from the square law; but this is simply 
explained if the coagulative effect of the final heating (an this 
method) be proportional to the square of the concentration, for 
then it is proportionately greater for the strong than for the weak 
solution. 

In order to complete the study of the rate of coagulation, it 
was necessary to test whether the presence of coagulated material 
had any effect. Some of the colloidal copper which had been 
coagulated with Na,SO, solution, was washed with distilled water 
in order to free it from excess of electrolyte, and finally shaken 
with some of the pure colloidal solution. The concentration of 
this solution was determined before and after. No appreciable 
effect could be detected. Further, two equal volumes of colloidal 
solution, to which equal quantities of sodium sulphate solution 
had been added were studied side by side—being stirred gently 
all the while. When coagulation set in, 10 c.cs. of the liquid were 
drawn from each at intervals—in the one case the clear liquid 
only being removed, and in the other as much of the precipitate 


30—3 


452 Mr Paine, The Coagulation of Colloidal Copper. 


as possible being drawn up into the pipette. In the one case, 
therefore, the precipitate accumulates rapidly, while in the other 
it is removed nearly as fast as it is formed. When after some time 
25 c.cs. of the clear liquid were drawn off from each and titrated, no 
difference could be detected as a result of the different treatment. 
If instead of estimating the solutions by the “cold” method in 
this way, the liquids were heated at the end according to the 
“hot” method (the one with a large quantity of precipitate, and 
the other without), still there was no appreciable difference between 
the two specimens. The coagulated material is, for all practical 
purposes therefore, removed from the sphere of action, and takes 
no appreciable part in the precipitation of the rest of the colloid, 
in the case when coagulation is brought about by the addition of 
sodium sulphate (containing a divalent anion). 


$9. General Conclusions. 


(i) The “square” law which is found to hold for the coagula- 
tive process, as showing the relation between the rate of coagulation 
and the concentration of the colloid, is in accordance with the 
principle of mass action, and indicates that coagulation is brought 
about directly by the mutual attraction of the particles. It is 
inconsistent with any form of condensation of the particles round 
some other nuclei such as the ions. 

The question arises as to what is happening in the solution 
during the initial stage of the process before precipitation sets in. 
There are two possibilities: either the time is spent in the 
absorption of the ions of the electrolyte—coagulation commencing 
when that absorption has reached some particular value; or else, 
the absorption taking place more or less rapidly, the particles. 
begin to associate practically at once, but do not attain the size of 
visible “coagulated” particles till that association has reached 
some particular stage, after which precipitation sets in. 

The evidence is entirely in favour of the second explanation. 
The comparison of the coagulation curves of § 7 shows that the 
duration of this initial period is exactly proportional to the duration 
of any other stage in the coagulation, as though the processes 
were of the same nature in each. Further, time experiments on 
absorption, show that this process is completed almost instan- 
taneously *, whereas in the coagulation experiments, the initial 
quiescent period extended sometimes for several days, 

Again, the increase in size of the particles has been found to 
occur before precipitation sets in. Linder and Picton? observed 


* Davis, J. C. S. Trans. 1907 (ii.), p. 1666. 
+ J. C.S. Trans. 1895, p. 63. 
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that the addition of a few drops of very dilute sodium chloride 
solution to a filterable arsenious sulphide solution rendered it 
non-filterable, without bringing about coagulation. They also 
found* that the rate of diffusion of arsenious sulphide solution was 
sensibly diminished by the addition of an amount of ammonium 
chloride quite insufficient for coagulation. 

They further observed* the process of coagulation under the 
microscope, a drop of salt solution being brought into contact with 
the edge of a drop of arsenious sulphide solution under a cover 
ship. First of all a clear yellow field in the microscope was seen, 
and then the spreading along of the wave of coagulation. “In 
the wave front itself the genesis of the hydrogel from the hydrosol 
was clearly visible; first appeared a dim cloud of vibrating 
particles too small to be followed with certainty; these rapidly 
increased in size with proportionately retarded movement, until 
at a certain critical moment, the granules began to attach them- 
selves to the free surface of the hydrogel and to one another, and 
all movement ceased.” 

The actual precipitation, therefore, is associated with the later 
stages of the agglutination of the particles. But since all the 
combinations take place at a rate in accordance with the square 
law, it follows that the rate at which some particular stage in the 
process, namely precipitation, is reached will also be in accordance 
with this law—the concentration m in the formula (— dm/dt) = km? 
referring to the concentration of the colloid still in solution, for 
the precipitated portion has been shown experimentally to be 
inactive (§ 8). 

It has already been stated that on account of the treatment of 
the solutions too much importance could not be attached to the 
results of individual curves. When, however, the curves were 
examined, it was found that there was a general tendency on the 
part of many of them to fit in with the above relation—that is, to 
satisfy the equation m(t— 8) =constant, deducted therefrom. It 
seems probable therefore that a more accurate method of experi- 
ment would show a closer agreement. 

(ii) The explanation of the power rule for the variation of 
the rate of coagulation with the concentration of the electrolyte 
does not seem to be at all clear. The expression therefore is for 
the present merely empirical. It agrees with the experimental 
results very closely, and for a wide range of velocities of reaction. 
Viewed at in another way however, the range appears limited. 
Thus the rate of reaction is proportional to the sixth power of the 
concentration in the solution, that is, to the thirty-sixth power of 
the concentration on the colloid particles. In order to increase 


* J.C. S. Trans. 1905, p. 1906. 
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the rate of coagulation 3000 times, it is only necessary to increase 
the amount absorbed by the colloid to 14 times its previous 
value. 
An interesting coincidence appears in the power rule, for the 
value of the index p (in R« c?) is the same within experimental 
1 


limits as the index x in the absorption law (y =a. c”). 

The fact that p has the same value for coagulation with ions 
of different valency (monad and dyad) goes to confirm Freundlich’s 
explanation of the behaviour of the different ions. When equiva- 
lent quantities of the ions are absorbed, the particles behave 
similarly so far as their coming together in coagulation is con- 
cerned. 

The complex particles so formed, however, have different 
properties in these various cases, for those coagulated with 
monovalent ions can be dispersed again, while those coagulated 
with polyvalent ions show no such tendency. That this ditference 
lies in the nature of these complexes, rather than in the manner 
in which they were built up, is shown by the following experiment. 
The precipitate obtained after coagulating a copper solution with 
sodium sulphate (which shows no tendency to redissolve on washing 
with water) was digested once or twice with sodium chloride 
solution (when the absorbed sulphate ions are replaced by the 
chloride ones). On again washing with distilled water several 
times, the coagulum is dispersed, exactly as though the precipita- 
tion had been brought about directly by sodium chloride. In 
a similar way the chloride-precipitated coagulum is rendered quite 
insoluble if first washed with sodium sulphate solution. 

The ditference in behaviour may, perhaps, be brought about 
through the possibility of greater concentrations of electric charges 
in the case of polyvalent ions, whereby the electric forces binding 


particies together (if indeed such binding forces be electrical) may ~ 


become more intense than is the case with monovalent ions. 

(iii) These experiments with colloidal copper are interesting 
as demonstrating that coagulation is a definite time-process, 
which, in some cases, can be traced quantitatively in its various 
stages. In so far as the properties of inorganic colloids show 
marked similarities, it is probable that the coagulation of many of 
them resembles that of colloidal copper, though the appearance 
of the precipitate may be very different. The method of experi- 
ment described in this paper, a method based not so much on the 
study of individual curves, as on a comparison of these curves over 
similar stages in the coagulation, would lead one to expect similar 
results in other cases, especially as these results are fairly simple. 
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$10. Summary. 


The following is a summary of the most important results 
obtained in the study of the coagulation of colloidal copper. 

1. There is an initial period in which the solution remains 
clear, and no precipitation takes place. 

2. Using colloidal solutions of various concentrations, the rate 
of coagulation is proportional to the square of the initial concen- 
tration (“ mass action”). 

3. For varying amounts of the electrolyte, the rate of 
coagulation is proportional to some power of the concentration of 
the anion in the solution; 7.e. a proportionate increase in this 
concentration results in a proportionate increase in the rate of 
coagulation. 


In conclusion, I desire to thank Prof. Sir J. J. Thomson and 
Mr W.C. D. Whetham for their kind interest in the above research. 
The experiments were performed in the Cavendish Laboratory. 


Application of positwe rays to the study of chemical reactions. 
By Professor Sir J. J. THOMSON. 


[Read 13 November 1911.] 


The author describes the results of the application to chemical 
reactions of a method which he brought before the notice of the 
Society at a previous meeting. The production of carbon mono- 
sulphide when an electric discharge passes through the vapour of 
carbon bisulphide was detected by this means. The author gives 
the results of investigations on the chemical combination between 
hydrogen and oxygen and hydrogen and nitrogen, and discusses 
the source of curves corresponding to atomic weights 1—6, 2—5, 
20—21, 39, 50—51,-which do not fit in with recognised elements 
or compounds. 
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Note on the mode of discharge of the Cuverian organs of Holo- 
thuria nigra. By G. R. MINEs. 


[Read 30 October 1911.] 


The sea-cucumber, Holothuria nigra, when irritated emits 
white conical bodies, the Cuverian organs, which rapidly elongate, 
shooting through the water while remaining attached at their 
bases to the animal and forming long, intensely sticky tubes, 
These are then disconnected from the animal. The elongation of 
the Cuyerian organs has been attributed to internal water pressure 
by some but by others to an intrinsic activity of the tubes. The 
former view is strongly supported by the facts presented in this 
communication. Undischarged Cuverian organs removed from 
the body cavity of Holothuria can be made to elongate in a 
manner exactly resembling the normal discharge by injecting 
them with sea-water or other fluid. The natural discharge of 
the Cuverian organs is always preceded and accompanied by a 
rise in the pressure within the body of the animal, and this 
pressure reaches the value needed to elongate an excised Cuverian 
organ. The arguments which have been adduced in favour of 
the intrinsic activity of the Cuverian organs are shown, by further 
experiments, to lack cogency. An account of this work appears 
in the Quarterly Journal of Microscopical Science, February 1912. 


NOTE. 


To the list of Communications made at the meeting of October 
31, 1910 (Proceedings, vol. Xv1. Pt 4, p. 393), the following should 
be added : 


On the Differentiation of Functions defined by Integrals. By 
W. H. Youna, Sc.D. 


PROCEEDINGS 


OF THE 


Cambridge Philosophical Society. 


The Inheritance of Spirochaetal Infection in Argas persicus. 
By EpwarpD HINDLE, Beit Memorial Research Fellow, Magdalene 
College, Cambridge. 


[Read 29 January 1912.] 


Whilst working on the morphology of Sptrochaeta gallinarum 
at the Institut Pasteur, it was found that the coccoid bodies, 
which I have described elsewhere (Hindle, 1912), were present in 
a varying percentage of the eggs laid by infected Argas persicus. 
As these coccoid bodies were found to represent a stage in the 
life-history of the spirochaete, it became important to determine 
whether or not the ticks, which hatched out from these presumably 
infected eggs, produced any infection when they fed on a fowl. 

This was all the more necessary as the only observations on 
this subject, vz. those of Brumpt (1909) and Blanc (1911), seemed 
to show that infection with S. gallinarum was not transmitted to 
the ticks’ offspring, and Blanc has used these negative results as 
an argument against the view that the coccoid bodies (=“granules”) 
represent a stage in the life cycle of the parasite. 

It was found, however, that if these infected eggs are incubated 
at 37° C. for about five days, typical spirochaetes may be found in 
the larvae which hatch out from them. Moreover, all stages may 
be seen in the elongation of the coccoid bodies up to the ordinary 
spirochaetal form. 

The injection of eggs containing coccoid bodies into fowls and 
Java sparrows is rarely followed by infection, unless these eggs 
had been heated to 35° C. for one or two days. 

The reason for this 1s not obvious, but 1t shows that Blanc is 
not correct in attaching such weight to his negative results on the 
infectivity of the coccoid bodies. 
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Transmission experiments. 


The ticks used in the following experiments were part of 
a consignment kindly sent by Dr A. Foley, from Beni-Ounif- de 
Figuig, Algeria. They were maintained at a uniform temperature 
of 28° C. as it has been shown that this temperature is necessary 
in order for the ticks to produce infection when they bite a fowl. 
A large number of larvae that had hatched out from the eggs laid 
by these infected Argas were collected and placed on a fowl. 
After an incubation period of four days the bird became infected 
and died the next day with its blood swarming with spirochaetes. 
The fully fed larvae which dropped off this fowl were collected 
and have been reared to the adult stage. These ticks have been 
fed only on healthy fowls and yet at each feed they have produced 
a spirochaetal infection in the bird. 

Finally, 44 months after having been fed as larvae, the ticks 
have reached maturity and oviposited. Although the eggs have 
been laid by ticks that have never fed on an infected fowl, yet 
they contain the characteristic coccoid bodies, showing that the 
spirochaetal infection in Argas persicus may be transmitted to 
the second generation as well as to the first. 

The records of the feeding experiments, given below, seem to 
show that there is practically no diminution in the severity of the 
infection the ticks produce at each successive feed. 

In all cases the ticks were fed at a temperature of 28° C. 


Exp. 1. Sept. 6th, 1911. 


Several hundred larvae, the offspring of infected parents, were 
put on to a healthy young fowl. On Sept. 10th the blood of the 
fowl contained one spirochaete per microscopic field and the 
following day the bird died, with its blood swarming with 
parasites. 

The fed larvae were collected and kept until ecdysis had aeee 
place, when the first stage nymphs emerged. 


Exp. 2. Oct. 8th, 1911. 


The first stage nymphs from the previous experiment were fed 
ona healthy young fowl. The result of microscopical examination 
for parasites was as follows : 


Oct. 8th—12th negative. 


4, 13th 1 spirochaete per field. 
» 14th 10 spirochaetes ,, __,, 
apt Died from the disease, 


Btn. ~ 
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Fed the second stage nymphs from the previous experiment 
on a healthy young fowl. 
Result of microscopical examination : 


Nov. 13th—17th negative. 


e 16th 2 spirochaetes to the film. 
~ 19th numerous e per field. 
” 20th ”» ” bP 


»  21st—28th negative. 
The fowl recovered from the infection and did not show any 
relapse. 
Kap. 4. Jan. 11th, 1912. 


Fed the adult ticks from the previous experiment on a normal 
fowl. 
Result of microscopical examination : 


Jan. 11th—16th negative. 


ie 17th 10 spirochaetes per field. 
a oLsth numerous a LE ait 

» 19th 20 - of eet 

= * 20th negative. 

oo 2 ist——26th . 


The fowl recovered and did not show any relapse. 

On January 19th, 1912, the first batch of eggs were laid by 
these ticks and on examination were found to be infected *. 

The above described experiments clearly show that once a tick 
becomes infected with S. gallinarum its offspring of the first 
generation is infective in all its stages, and moreover the infection 
is transmitted to the second generation. It is evident, therefore, 
that once the Argas of any locality become infected with spiro- 
chaetosis it will be very difticult to eradicate the disease. 
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* Postscript. The larvae which hatched out from these eggs produced a spiro- 


chaetal infection in the fowl on which they were fed. The ticks are being reared 
in order to see whether the infection is also transmitted to the third generation. 
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Gregarines in rat-fleas. By C. STRICKLAND, M.A, B.C, 
Assistant to the Quick Professor of Biology, Cambridge Uni- 
versity. (Communicated by Professor Nuttall.) 


[Read 12 February 1912.] 


The gregarine found in the alimentary tract of the larva of 
Ceratophyllus fasciatus, the common rat-flea of this country, leads 
for part of its life a parasitic existence, and for the other part 
lives freely in the excrement of this host. 

It has all the characters of the group of cepbaline eugregarines, 
and it possesses a symmetrical but complex epimerite, and spores 
which are regular, oval and unarmed with spines. 

The form of its epimerite and spores preclude us from placing 
it in any of the known families of cephaline eugregarines which 
have spores unarmed with spines. These families are (1) the 
Gregarinidae with a simple epimerite, (2) the Dactylophoridae 
with complex asymmetrical epimerite and long cylindrical spores, 
(3) the Didymophyidae which inhabit myriapods and form chains of 
individuals which lose the septum between the proto- and deuto- 
merite, and (4) the Actinocephalidae, with cylindro-biconical spores. 
I therefore propose it be relegated to a new family, the Agrip- 
pindae, and be named Agrippina bona. 

The parasite exhibits well-marked nuclear changes. 

In the sporozoite the nucleus consists of an apparently homo- 
geneous mass of chromatin, but in the earliest trophozoites which 
were found this chromatin appeared surrounded by a clear circular 
layer of ‘karyolymph, limited by a fine membrane. 

Later on the whole nucleus becomes oval, and at one pole 
appears usually one,sometimes two, small highly refractile spherical 
bodies, and at the same time the central mass of chromatin 
becomes less dense in texture and exhibits a skein-like structure. 
In forms usually a little older than the preceding was sometimes 
found a refractile body at each pole; but never anywhere but at 
the poles of the nucleus. In the sporont there are similarly one 
or two of these ‘polar’ bodies of very variable size, and at the 
same time the skein of chromatin opens out and forms a single 
open band which assumes all sorts of fantastic shapes. 

When the sporonts have associated to form the cyst the 
nucleus of each can be seen for only a short time. It is then 
a very large oval body containing very many of the ‘ polar bodies’ 
which have multiplied in some unknown way, and the chromatin 
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band has completely disappeared. As this has gradually been 
less and less stainable with chromatin dyes, it appears that 
its ultimate disappearance is due to the absorption of the 
chromatin. 

No further changes can be observed in this nucleus until 
the spores are fully formed, when the eight sporozoites inside 
the spore can be seen to have each a minute nucleus, consisting 
of a ring of chromatin. This contrasts with the homogeneous 
mass of chromatin seen in the free sporozoite. 

The above-described nuclear changes are quite different from 
those described by Wenyon in the relatively closely-allied gre- 
garine, Lankesteria culicis. 
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An experiment to illustrate the mechanical tension on the 
surface of a charged conductor. By E. F. Burton, B.A. (Cantab.), 
Associate Professor of Physics, University of Toronto. (Com- 
municated by Professor Sir J. J. Thomson.) 


[Read 12 February 1912.] 


The simple apparatus described below grew out of an attempt 
to demonstrate experimentally the existence of a real mechanical 
tension over the surface of a charged conductor. The familiar 


B) 


S87 
clusion that the greatest possible tension on a conductor placed in 
air at ordinary pressure is about ‘3 of a millimetre of mercury*. 
Such an effect, even on an elastic conductor, would be very 
difficult to observe directly. 

This effect can however be shewn by blowing two soap bubbles, 
one at each end of a tube, electrifying one of them, and ob- 
serving the effect of the electrification. The excess of pressure 
inside a spherical soap bubble over that outside (atmospheric) 


formula for this tension ( dynes per sq. cm.) leads to the con- 


is equal to = . Taking 7’ =75 dynes per cm. (more than for a 


soap solution), p equals 300 dynes per sq. cm. for a bubble of 
1 cm. radius—a pressure of the same order as the maximum 
electrical tension. One might expect, then, to counterbalance the 
effects of surface tension in a bubble by putting electrical charges 
on it. It is well known that if two bubbles are blown on the two 
ends of a common tube, the smaller bubble gradually blows out 
the larger one on account of the excess of pressure inside the 
bubble varying inversely as the radius. 

The apparatus designed for the purpose of shewing the effect 
of electrification is shewn in the figure. Soap bubbles are blown 
on the tubes A and B which are connected with the central tube 
EF by means of tubes of fused quartz, Cand D. These pieces of 
quartz serve to insulate electrically the tubes A and B. The air 
blown into the bubbles passes through a tube G containing phos- 
phorus pentoxide, so that the inside surface of the quartz tubes 
is kept free from moisture. When the two bubbles are blown 
simultaneously through the single tube, one of the bubbles will 
blow slightly larger than the other. If the tube holding the 
smaller one is electrified by connecting it momentarily to the 


* J.J. Thomson, Math. Th. of El. and Mag. 2nd ed. 1897, p. 59. 
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inner coating of a Leyden jar, which is being charged by an 
electrical machine to some thousands of volts difference of 
potential between the inner coating and the outer earth-connected 
coating, it is observed that, under proper circumstances, the 
smaller electrified bubble is blown out by the larger unelectrified 
one. The tension due to the electrification tends to neutralise 
the effect of the surface tension, that is, lessens the effective surface 
tension, and consequently reduces the value of p inside the electri- 
fied (smaller) bubble. Of course, once the larger bubble begins to 
blow out the smaller the effect is accelerated as time goes on. 


i} 


There is no virtue in the particular dimensions indicated in 
the figure. With any particular apparatus, there will be a limit 
to the size of the bubbles for which the electrical effect (with 
bubble charged to a given potential) will be large enough to shew 
the phenomenon indicated above. For a spherical bubble of 
radius 7 charged to potential V above the earth the electrical 
intensity at a point on the surface is given by 


4nror V 
E=4or0 = =—, 
r r 
; catia : Bear x 
Therefore the mechanical tension g, Varles as —5, Le. inversely as 
= 2 


r?, The mechanical tension on a bubble charged always to a 
constant potential V decreases rapidly with increase of radius. 
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If the radii of two uncharged bubbles be 7, and 7, respectively, 
the excess of pressure inside over that outside will be 


4T 47 : 
Pacers and p.= re respectively. 
1 2 
Di— Po= eS = approximately a 7) for large 
a 1 


bubbles. 

Therefore, while the electrical effect varies inversely as the 
square of the radius of the bubble, the excess of pressure in 
the small bubble over that in the large varies inversely as the 
square of the radius of either bubble, and, in addition, directly as 
the absolute difference in the radii. One would expect then 
that, for a given potential on the electrified bubble, the effect of 
the electrification shewn by this apparatus would be more apparent 
with small bubbles than with large. It was found that there was 
a limiting size for the bubbles (about 3 cms. in diameter) above 
which the electrification of the smaller bubble due to an electrical 
machine was not sufficient to reverse the course of procedure 
observed when neither bubble was charged. 

A variation of the above apparatus might be introduced 
whereby the bubbles on A and B could be blown by separate 
tubes and only one of the tubes need then be insulated with 
quartz, because we should be able to blow the smaller bubbles 
always on either A or B as desired. In any case some experi- 
menting is required to find the most efficient size to which to blow 
the bubbles. If very small bubbles are used, intense electrification 
is likely to blow them off the tube A or B. 
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Radioactivity and Molecular Structures. By W. A. DouG as 
RuncE, M.A., St John’s College. 


[Read 12 February 1912.] » 


It is now generally recognised that the radioactivity of 
Uranium, Radium, ete., is accompanied by some intra-atomic* 
change, and possibly the radioactivity itself may be due to this 
change. Many cases are known in which an intramolecular change 
may be brought about, such as the conversion of oxygen into 
ozone, ferrous into ferric iron, yellow into red phosphorus, and 
others too numerous to mention. 

In 1907, the writer made some experiments at the Cavendish 
Laboratory with the object of ascertaining whether these changes 
were accompanied by a development of radioactivity in bodies 
usually not radioactive, and as these have not been published, an 
account of them will be given here. The changes studied were 
the conversion of magnetic nickel into non-magnetic nickel, and 
the change from acidic iron into basic iron. 


The Nickel Experiments. 


These consisted in heating the nickel to a temperature above 
that at which it remained magnetic, and observing the rate of 
leak of an electroscope when the current was varied so that the 
nickel changed from the magnetic to the non-magnetic condition 
many times per minute. ‘The apparatus used consisted of an 
electroscope with a plate a few cms. in diameter, and above the 
plate a close spiral of nickel wire was arranged. The plate and 
wire were enclosed in a cover of fine copper gauze, and through the 
gauze a strong magnet passed so as to exert an attraction on the 
nickel spiral, Fig. 1. 

The nickel spiral was heated by the current from a number of 
storage cells and the strength of the current was adjusted to 
that value which experiment showed was sufficient to heat the 
nickel above the critical temperature. This temperature was 
about 300° C. 

The general arrangement is shown in the figure. The outer 
case was of wood lined with tinfoil and earth connected, aper- 
tures being made to enable the gold leaf and nickel wire to 
be seen. On sending the current through the nickel until the 
necessary temperature was reached, it was seen that the spiral 
which curved upwards towards the magnet, when the metal was 


* Perhaps intercorpuscular. 
Pp 
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in the magnetic condition, fell to a lower position at the moment 
when the magnetic susceptibility was reduced to zero. By inter- 
rupting the current the wire could be kept vibrating as the 
metal lost or regained its degree of susceptibility. The rate of 
leak of the electroscope was taken without heating, with heating, 
and also when it had been heated to a temperature higher than 
that at which the susceptibility was lost. It could not be heated 
much higher, as the wire then gave off ions which discharged the 
electroscope rapidly. The charge given to the electroscope was 


Fig. 1. 


sometimes positive and sometimes negative. The rates of leak 
are shown in Table I. 

The rates are practically identical and this result was always 
obtained, so that it seemed conclusive that during the change 
from the magnetic to the non-magnetic condition nothing in the 
nature of a radioactive etfect occurred. 
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Experiments on the corresponding change in iron at about 720° 
were of course hopeless as at that temperature torrents of ions 
would be liberated by the heating. 

If however anything in the way of an emanation was produced 
in the process it might be lost by following the method detailed 
above. The experiment was therefore modified by heating the 


TABLE I, 


Rate of Leak, without heating. 


Time in Mins. Electroscope Def. | 
0 50:1 
10 49°] 
20 48°3 
30 47:2 
40 46-0 


Rate of Leak, wire heated. 


Time in Mins. | Electroscope Def. 
0 | 50-0 
10 | 483 
20 47:8 
30 46:8 
40 | 45:9 


wire in a closed flask and interrupting the current many times, 
and then transferring the contents of the flask to the electro- 
scope. The results were negative both with nickel and with 
iron. 


Haperiment with Ferrocyanic Acid. 


Ferrocyanic acid is one which is very easily decomposed on 
heating. The iron is present as an acid radicle, but on heating, 
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hydrocyanic acid is evolved and ferrous ferrocyanide remains ; 
a portion of the iron being changed into the basic form in accord- 
ance with the equation 


3H,Fe Cy,=12HCy + Fe,FeCy,*. 


On heating further, a mixture of finely divided iron and carbon 
remains, which takes fire on coming in contact with the air. 

This change occurs to some extent on heating to 100°, but 
between 100° and 200° the decomposition seemed to be fairly 
complete when heated in air. At first a small steam heater 
was arranged in the space at the bottom of the electroscope 
case, and the acid placed on the top. The rate of leak was 


Fig. 2. 


determined, before, during, and after heating, but the rate re- 
mained the same. The steam chamber was removed and a long 
spiral of platinoid put in its place and the ferrocyanic acid 
scattered over it. The spiral was heated by an electric current, 
which had to be carefully regulated, as if overheated the residue 
took fire, and then of course the electroscope was at oncé dis- 
charged. It was however easy to adjust the current to prevent 
this, and at the same time to effect a considerable amount of 
decomposition. Hydrocyanic acid was freely evolved. 


* This equation only represents that portion of the whole change which results 
in the liberation of HCy. 
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A number of experiments were made, but with the general 
result that no change in the rate of leak was observed. The 
following table is typical. 


TABLE JI. 
Reading of Electroscope 
Time in Mins. a j 
Without heating With heating 
0 45-5 45-7 | 
10 45°] 45-0 
20 44°6 44°5 
30 | 44-0 141 
40 43:5 435-4 
50 43-0 43:0 
60 49-4 43°3 


These figures show that the rate of leak was not changed during 
the decomposition of the ferrocyanic acid, but at times some 
considerable irregularities occurred which could not be traced to 
any definite cause. 

Last year the opportunity presented itself for a repetition of 
the experiments and in view of further anomalies it was thought 
advisable to investigate the matter further. 

It was observed that the rate of leak was always constant if 
during the heating a rapid current of air was passed through the 
apparatus in order to remove the gases evolved during the de- 
composition, and it appeared that there was a gas present which 
had the property of discharging the electroscope, that is, the gas 
was certainly ionised. 

A new method of experimenting was devised by which the gas 
could be introduced into an electroscope and the rate of leak 
observed when the gas was in the electroscope. 

The ferrocyanic acid was prepared from pure potassium ferro- 
cyanide (Kalbaum) by adding pure hydrochloric acid in excess to 
a saturated solution, filterimg through a “ Buchner” filter, washing 
twice with distilled water and drying in a current of warm air. 
The acid was thus obtained as a nearly white powder, which became 
slightly blue in the course of a few weeks, and dissolved readily in 
water. 
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The arrangement of apparatus is shown in Fig.3. The electro- 
scope consisted of a 400 c.c. flask silvered on the inside, a portion 
of the silvering being removed to admit of the gold leaf being 
observed. The gold leaf system was insulated by quartz and 
sulphur and could be charged by putting a wire down the quartz 
tube until it touched the rod to which the gold leaf was attached. 
The insulation was fairly high. From the electroscope a tube 
was led to the desiccating arrangement. This consisted of a long 
U tube filled with phosphorus pentoxide separated into layers by 
plugs of glass wool. The gauge tube @ served to indicate the 
pressure inside the apparatus. From the drying tube, connection 
was made with the chamber V,. This had a capacity of 200 cc., 
and was connected to a smaller vessel V, in which the acid was 
heated. The whole could be exhausted by a good mechanical 
pump down to a millimetre of mercury. 


Fig, 3. 


The following was the method of conducting an experiment. 

The rate of leak of the electroscope was first determined, 
A gram or so of the acid was introduced into V, and the whole 
apparatus exhausted. 7, and 7, were closed, 7; and J’, were 
opened and the acid heated gently until completely decomposed, 
as was ascertained by the mercury in the gauge becoming 
stationary. 7, was now opened and the gas allowed to enter 
the electroscope. V, was removed and by manipulating 7’; and 7; 
the gas remaining in V, was washed into the other parts of the 
apparatus, and when the pressure was the same as that of the 
atmosphere all the taps were closed. Any gas which entered 
the electroscope was cold and dry ; it consisted of a mixture of air 
and acid, 
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TABLE III. Typical case. 


Oct. 5. Natural leak, 22 divisions in 24 hours. 
Oct. 6. Gas introduced. 


Charge Time | Deflection Rate of discharge 
8.15 60 
8.17 30 15 per minute 
New charge Sli | 60 
8.19 30 3 ae mS 
New charge 8.20 60 
8.22 30 LD: 45 » 
New charge 8.23 60 
8.25 30 1b. 5, 3 
1 a 


The rate of leak of the electroscope was then found ; it was 
enormously increased, 1.e. from a rate of 20 divisions a day to 30 
a minute, and in some cases even more rapid. 

Many gases when freshly prepared are certainly in an ionised 
condition, and therefore are capable of removing a charge, but in 
the case of the gas, hydrocyanic acid evolved by heating ferro- 
cyanic acid, the ionisation is so strong that it persists for many 
weeks after preparation and shows at first a fairly uniform rate of 
decay down to a minimum value. 

The increase in the leak was not due to any condensation upon 
the insulating supports, for if the gas was removed, the rate of 
leak diminished proportionally to the removal of the gas. 

The gas was pumped out, air admitted and the apparatus 
“washed” out six times by admitting air and re-exhausting. 


TABLE IV. 
Time Deflection Rate of discharge 
9.30 | 60 _ 0:02 per minute 
10.30 | 585 
| = 11.30 BT0 | 
1.0 | 55°8 | 
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The normal rate of leak is thus nearly the same as on the 
previous day. Six washings, if the pressure was reduced to 
1 mm. each time, were usually sufficient to remove all the activity 
of the contents of the vessel. 

Next day the experiment was repeated under the same con- 
ditions, but the gas was not removed and observations were taken 
over a period of 16 days. The rate of leak became constant in a 
few days, but was still much higher than if there were no gas 


present. Table V shows the change in the rate of leak with the 
time. 


TABLE Y. 
Daily rate for 16 days. 


. Average rate in 
ee division per minute 
lst day 81 
2nd 0-6 
3rd | edit 
4th 0-04 
5th 0:03 
6th 0-03 
7th 0:035 
| 8th 0-0225 
9th | 0-027 
10th 0-03 
11th | 0:03 
12th 0:03 
13th 0-03 
14th 003 
15th 0-03 
16th 0-03 


On the 24th day the electroscope was pumped out and the natural 
leak was found to be ‘0124. 

It can be seen that the rate of leak changes very rapidly at 
first and then reaches practically a steady value 

Fig. 4 gives the average rate of leak during the first twelve 
hours. A charge was given to the electroscope and the time 
taken by the leaf to fall through 30 divisions found, and the 
average value of these rates taken for each hour. The activity 
thus falls to one-half its value in about two to three hours, but the 
rate was not always the same in ditferent cases. 


Q 
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Rate of leak in divisions per minute. 


1 2 3 4 S 6 6 8 2) 10 11 12 


Time in hours. 


Fig. 4. Curve showing the change in rate of leak during twelve hours. 


Fig. 5 shows the change in the rate of leak when the gas 
was confined in the vessel without any removal for a period of 
over twenty-six days. It is shortened horizontally, but the rate of 
leak remained practically constant from the 3rd day until after 
the 21st. 

Fig. 6 shows the manner in which the rate of leak varies with 
the time. The actual curves showing the rate of leak are a little 
irregular and therefore it seems best to smooth them out into 
straight lines, the starting and terminating points being obtained 
by extrapolation. The figures from which the curves were drawn 
are given in Table VI. 

In the longer periods the leak was allowed to go on through 
the night. After the first few hours there would not be any 
great error for comparative purposes, in taking the rate of leak 
to be a linear function of the time. A fresh charge was given to 
the electroscope each day, so as to deflect the gold leaf through 
between 60 and 70 divisions of the eye-piece scale. 


VOL. XVI. PT. VI. 32 
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8 
7 
1 
6 
3) 
4 
3 
2 
1 
1 2 3 4 5 6 7 3 


Time in days. 


Rate of leak in scale divisions per minute, 


Fig. 5. Change in rate of leak over a period of eight days. 


The shape of the decay of activity curve resembles the usual 
decay curve for a radioactive substance. 

These experiments show very clearly that hydrocyanic acid 
gas evolved by heating ferrocyanic acid is very strongly ionised, 
and it remains to be shown whether this activity is due to 
hydrocyanic acid or to the particular mode of preparation. The 
gas was therefore prepared by the following methods, introduced 
into the electroscope and tested for its activity : 


(1) By heating a cyanide with sulphuric acid. 


Ab ee Fd a ferrocyanide with dilute sulphuric acid. 

(3) By heating mercuric or silver cyanide with sulphuric 
acid. 

(4) By passing sulphuretted hydrogen over mercuric 
cyanide. 


(5) By heating ferrocyanic acid with sulphuric acid. 
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(6) By heating potassium ferrocyanide with strong sul- 
phuric acid. This gives a mixture of carbonic 
oxide and hydrocyanic acid. 

(7) Cyanogen obtained by heating mercuric cyanide was 


a 
also used. 7 
TABLE VI. 
Ist day 5th day 9th day 
| Def. Time | Def. Time | Def. Time | : 
| 67 12.0 | 67 10.0 68 6.40 | £ 
60 25 | 60 ABS 45 20.0 | ‘ 
55 12.8 | 52 POPS 39 23-3004) 
50 at Ya 13.0 28 30.30 
45 12.14 | 44 13.30 
40 1220 | 40 14.0 | 
gh. - 1997 | 33° ibe | 
30" 12.55 | 30 - A780 | 
25) 12:50 | 
| 2nd day 6th day 10th day 
| 67 532 ee 4.0 63 6.30 
4] W338 "| 5S 5.20 4} 20.0 
36 7.54 33 79.0 38 22.20 
26 9.7 34 44,45 
3rd day 7th day | Pumped out 6 times | 
66 637 | 66 4.10 | 64 5.25 
63 6-47 | 38 18.50 50 =—«:19:0 f 
56 1.00"..| 36 20.30 40 30.0 ; 
(ee 8.10 on 24.40 | 
1 41 10.30 | | 
36 255 
20 1220 “i 
: | 
4th day 8th day 
63 7.40 | 62 6.40 | | 
55 Ona 44 19.0 
47 11.25 | 38 20.30 
42 ee a as 24.40 
31 —-:17.45 | 
In none of these cases was there any unusual activity shown : 


by the gas and therefore it must be concluded that the activity - 
developed was due to the particular method of preparation. 


: ba 
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When the gas was generated by the action of sulphuric acid on 
potassium cyanide the following results were obtained : 


Deflection Time Rate of discharge 
| I 
60 0 hour 
58 le 3 
40 MP dat, 
37 | 15 43 1:4 division per hour 
32 20: 55 


The gas was pumped out and the electroscope washed out six 
times with air and the new rate observed : 


Deflection | Time Rate of discharge 
63 QO hour 
60 pat 
| | 
54 eee. 1-44 division per hour | 
50 gone * = | 


The gases evolved by heating strong sulphuric acid with 
potassium ferrocyanide : 


Pas Se Ree LAS AN ae aT | 


Deflection Time Rate of discharge 
65 0 hour 
63°5 120 ; 
61:5 3.00 ,, 1-36 division per hour 
50 11 Fe 
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Gas evolved by heating mercuric cyanide : 


Deflection | Time Rate of discharge 
61 | 11.20 hours 
| 60h. | aaa | 
| 60 | zr, | 
| 595 | 12.40 ,, | 1-44 division per hour 
| 58 nip iad 2s, | 
55-5 3.20 ,, | 


The hydrocyanic acid from the other sources gave similar 
results, and the activity found for the gas evolved by heating 
ferrocyanic acid is peculiar to that method. 

The electroscope was usually charged with negative electricity, 
but it was observed that the rate of leak was greater with a 
positive charge, as the following shows when a small amount of 
gas was present: 


Natural leak Charge + Charge — 
0:0166 per min. 0-0345 per min. 0-031 per min. 


and repeated observation confirmed this, so that the gas seemed to 
have an excess of negative ions. 

The residue left after the expulsion of the gas was next tested 
to see whether it had retained any charge, and this was found to 
be the case. An electroscope with a chamber in the bottom in 
which the material could be placed was used The natural rate 
of leak was determined for positive and negative charges. 

A gram of the ferrocyanic acid was heated in an exhausted hard 
glass tube until it was judged that the decomposition was complete, 
and after cooling down to the air temperature the residue was 
placed on a watch glass and then introduced into the electroscope. 

The rate of leak of the electroscope before introduction of the 
residue and afterwards with the charges was as follows: 


Natural Charge + Charge — 
0-021 0-14 0-20 
0-0415 0-057 


The rate of leak is not very much changed but the effect per- 
sisted for some time afterwards, and in some instances a measure- 
able amount of activity remained after several days, that is the 
residue must be giving off positive ions. 


“9 


eae: 
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This statement is however made with reserve, as the experi- 
ments were rather capricious, and requires further investigation. 

The excess of positive ions obtained from the residue was far 
less than the excess of negative in the gas. 

That there was an excess of negative ions in the gas was shown 
by the very different rate of leak of the gold leaf according as 
the charge was positive or negative. 

Some of the acid was heated in a glass flask in which the rate 
of leak of the gold leaf system had previously been determined. 
On cooling the gas and introducing the gold leaf system the rate 
of leak was found to be 


Positive charge Negative charge 
(1) 10 divisions per min. 2-4 divisions per min. 
(2) 1-5 99 39 0-75 ” ” 


Natural leak 0-021 divisions per min. 


TN, 


Fig. 7. 


The residue was removed by shaking in such a manner as to 
prevent the escape of the gas, but the rate of leak was not sensibly 
changed. 

Experiments were made in order to determine whether the 
activity could be removed in the usual way from the gas and 
whether the activity was due to any kind of emanation. 

The gas before entering the electroscope was passed through 
a U tube 40 cm. in length, plugged with dry cotton wool. 

The gas however retained its activity, but if the cotton wool 
was damp then the whole of the activity was destroyed. This is 
no doubt due to the solubility of the gas in water. 
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The wet cotton was quickly transferred to the interior of 
another electroscope when it was found that some of the activity 
was retained by the wool, not much however. 

Passing the gas into water, it was completely absorbed and the 
solution showed no trace of activity. Similarly if the gas was 
submitted to an electrostatic field, the whole of the activity was 
quickly removed. 

Observations were taken with other compounds in which a 
change from acidic to basic form occurs. For example, potassium 
bichromate contains the chromium in the acidic form, but by 
heating with reducing agents, such as oxalic acid, it may be 
reduced to the basic form with evolution of carbonic acid. 
A quantity of dried bichromate and oxalic acid were heated in 
a tube and the fumes evolved passed into the electroscope. No 
change in the rate of leak was observed. The action in this case 
is not so simple as in that of the ferrocyanic acid. Potassium 
bichromate does not decompose on heating alone, and the carbonic 
acid comes from the oxalic acid, but at the same time the acid 
oxide of chromium is reduced to a basic one. Potassium per- 
manganate, heated alone or with reducing agents, failed to give 
any active gas. 


SUMMARY. 


A number of physical and chemical changes have been studied 
in which we may reasonably assume that some intramolecular 
changes occur, and these changes are not accompanied by any effect 
of a radioactive character. 

Hydrocyanic acid gas when prepared by heating ferrocyanic 
acid is very strongly ionised and the ionisation shows a rate of 
decay which is similar to that observed in a radioactive deposit, 
but save in the respect of being highly conducting it does not 
resemble a radioactive emanation. The residue left after heating 
ferrocyanic acid has the power of ionising air and retains this for 
quite a long period. 
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Some Observations with Dark-Ground Illumination on Plant 
Cells. By S. RecinaLp Prices, B.A., Clare College, University 
Frank Smart Student in Botany. (Communicated by Professor 
Seward.) 


[Read 26 February 1912.] 


THE use of methods of Dark-Ground Illumination for high 
power work in Biology is a fairly recent development. As is well 
known the method serves to demonstrate the presence of particles 
and structures which are ultramicroscopic, that is to say below the 
limits of vision in the microscope with direct illumination. Little 
has been recorded concerning the structure of the plant cell 
observed by this method, besides the observations of Gaidukov*. 

The principle of the method is now becoming fairly widely 
known and will not be described here in detailt. The chief 
points to bear in mind are that the direct illuminating beam does 
not euter the objective system, but that the structures in the 
microscopic field become visible by the light which they scatter, 
portions of the field which are without objects or particles 
appearing black. Particles which are of ultramicroscopic size 
may thus indicate their presence by diffraction images. 

Structures which on account of their transparency and small 
size are difficult to observe in direct illumination, especially in 
living material, are often more easily studied by this method. 
A good example of this is furnished by the “sap particles” 
described below, which although of microscopic dimensions, are 
very difficult to observe in direct illumination. 

In the observations recorded below, the Dark-Ground Illumi- 
nator has taken the form of a Paraboloid Condenser, designed by 
Siedentopf{ and supplied by Zeiss. This is used as an immersion 
system, water being found the most satisfactory fluid for this 
purpose, as recommended in the Zeiss prospectus§. The glass 
object slides must be of good quality and must be specially 
cleaned, and the absolute cleanness of the cover glass is most 
important for the best results. Both dry and immersion objectives 
have been employed. In conjunction with the latter special 
stops, which drop into the objective above the lens system, have 


* Gaidukov, N., Ber. d. d. Bot. Ges. 1906, several papers; Dunkelfeldbeleuch- 
tung und Ultramikroskopie in der Biologie und in der Medizin, Jena, 1910. 

+ See Thirkill, H., Sci. Prog. 1909-10, tv. pp. 55 sqq.; Siedentopf, Zeit. f. wiss. 
Mikros. xxtv. 1907, pp. 13—20, ete. 

+ Siedentopf, Zeit. f. wiss. Mikros. xxiv. 1907, pp. 104—108. 

§ Zeiss, Pamphlets, ‘Mikro. 230,’ 3rd Ed. 1910. 
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to be used, to cut out the peripheral rays which enter the objective 
when the immersion fluid is present. 

The 3 mm. and 2 mm. Apochromats of Zeiss with oculars 4, 6, 
12 and sometimes 18 have been employed, as well as a 3” Para- 
chromatic of Watson. A Nernst lamp is a fairly efficient source 
of illumination for many cases, but only permits of the lower 
powers being used. Sunlight is by far the most efficient, and at 
the same time the most fickle illuminator. It reveals structures 
and particles which are quite invisible with weaker sources of 
light. As the following observations are rather of a preliminary 
nature, no summary of Gaidukov’s work will be attempted here. 

Elodea canadensis. I have found the cells which occur at the 
leaf edge of this common water plant, very favourable for observa- 
_ tion. At the edge the leaf is one cell thick only, and moreover 
the cells contain relatively few chloroplasts. The cell wall also is 
clear and optically homogeneous. A low power examination 
reveals the presence of numerous particles or rather bodies in the 
cell vacuoles, briefly referred to hereafter as “sap particles*.” 
They can be seen in nearly all the cells of the leaf, and in most 
cases are quite within the limits of observation with direct illumi- 
nation. They are however much more obvious when observed by 
the Dark-Ground method. They vary greatly in abundance in 
different leaves, probably according to conditions, maturity and so 
on. They exhibit an oscillatory or dancing motion almost certainly 
of the nature of a Brownian Movement. 

Higher power examination shows these particles to be usually 
rod or disc shaped, while there also appear to be forms of a 
different nature with the appearance of spherical vesicles or 
bubbles. 

The protoplasm itself also exhibits numerous, very minute 
particles, almost certainly of ultramicroscopic size which appear as 
bright points of light, quite similar to the particles observed by 
Gaidukov and others. They show a rapid oscillating motion at 
first. As the leaf becomes warmed on the stage of the microscope, 
gradually the streaming and rotation of the whole protoplasm sets 
in. The rotation and streaming become very obvious quite apart 
from the motion of the chloroplasts, which remain motionless for 
some time. The particles pass along with what appears to be a 
comparatively considerable velocity. At the same time they 
probably perform their oscillating or Brownian Movements, the 
protoplasmic layer being filled with these twinkling points of 
light. 

” After a time the protoplasm seems to acquire sufficient energy 
to move the chloroplasts, although in some cases this stage does 


* Cf. Gaidukovy, loc. cit. p. 50, ete. 
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not seem to be reached. The chloroplasts apparently do not 
move as rapidly as the protoplasmic stream itself. 

The nucleus can often be seen but rather indistinctly as a 
lenticular mass usually close against one side of the cell. It 
appears to be optically homogeneous or nearly so, and clear, but 
on account of the protoplasmic stream which continually passes 
around it, good observation is difficult. More favourable oppor- 
tunities may therefore reveal some structure in this nucleus. 

In most cases so far observed, the cell also contains a roughly 
spherical body or aggregation, which appears very bright against 
the dark ground, being hence of a highly refractive or solid nature. 
It appears to be composed of motionless particles. In the first 
place it was mistaken for the nucleus. It can of course be 
observed in direct illumination, but as yet nothing can be said as 
to its nature. As the protoplasm begins its rotation, this body 
also acquires a slow rolling motion and slowly travels up and down 
the vacuole of the cell, apparently dragged by the protoplasmic 
stream. 

The sap particles continue their Brownian Movement, inde- 
pendently of the rotation of the protoplasm, thus confirming the 
surmise that they are present in the vacuole and not in the proto- 
plasm itself. 

Spirogyra. Spirogyra is also quite suitable for investigation 
by this method, and the structure presented has been described 
by Gaidukov*. Sap particles and the small protoplasmic particles © 
are mentioned, the former sometimes visible in direct illumination. 

There appear to be two kinds of protoplasmic particles however, 
differing chiefly in size and forming definite layers of the parietal 
protoplast of the cell. The relative position of the various 
particles is determined by taking observations in different planes 
of focus. The most obvious and at the same time the larger 
protoplasmic particles come into focus above the chloroplast, that 
is to say they occur in the protoplasm outside the chloroplast. In 
a lower focus, more numerous and much smaller particles are seen, 
forming probably an inner layer to the protoplast. Plasmolysis 
experiments (which will not be discussed in detail im this short 
account), seem to reveal moreover, a similar layer containing small 
particles on the outside, that is to say in contact with the cell 
wall. This outer layer can usually be demonstrated by subjecting 
a filament to rapid plasmolysis with dilute glycerine. If the right 
concentration is chosen the protoplasm is not killed for some time 
at any rate and movement of particles continues. The chloroplast 
and the larger mass of protoplasm aggregate towards the centre, 
where the larger particles can be seen on the outside. In contact 
with the wall, and sometimes connected by fine protoplasmic 


* Gaidukovy, loc. cit. p. 52. 
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filaments with the main mass, a layer containing very fine particles 
in rapid movement can usually be recognised. 

The sap particles come into focus in a lower plane than any of 
these protoplasmic particles, and lie within the vacuoles in plas- 
molysed cells. 

In some cases the nucleus has been observed, though as a rule 
it is not possible to determine its structure at all accurately. It 
appears to be fairly transparent though Gaidukov states that it 
contains numerous small particles*. The suspending threads of 
protoplasm are clearly seen merging into the layer of cytoplasm 
which surrounds the nucleus. The threads and this layer outside 
the nucleus contain the larger protoplasmic particles. They show 
the usual oscillatory movement, and also move to a certain extent 
along the threads away from or towards the nucleus. 

Most of the foregoing observations have been made on a species 
of Spirogyra with wide cells and a fairly close spiral chloroplast, 
so that the motion of the sap particles does not interfere to a great 
extent with the observation of the peripheral regions of the cell. 

Hairs of Tomato. The multicellular hairs which occur on the 
leaves and stems of the Tomato (Solanum Lycopersicum L.) show 
the movements very well. They are removed with a piece of the 
epidermis and mounted in water. 

A low power reveals the presence of numerous sap particles, as 
usual in rapid motion, and these also occur in the epidermal cells 
’ of the leaf and stem. With the Nernst lamp as illuminator little 
is seen but the sap particles and an indication of some protoplasmic 
movement. In sunlight with the 3mm. Apochromat and oculars 
6, 12 and 18 the following structure is revealed. 

The wall is not homogeneous, but shows scattered bright spots 
of light, with however considerable dark spaces. On focussing 
down, just within the wall, there occur very minute particles with 
a rapid Brownian Movement. Lower still, but certainly still in 
the protoplasm, and forming a second protoplasmic layer, larger 
particles come into the field. Finally in the vacuole the much 
larger sap particles occur. They are elliptical or rod-shaped, much 
as in Elodea, so that they are probably of the same general nature. 
It seems possible that these sap particles increase in number, with 
lowering of vitality of the cell in most cases. 

Hairs taken from a dead plant show no movement, and the 
protoplasm seems to have coagulated into a mass full of bright, 
relatively large particles. 

It may be said generally that death of the cell results in 
cessation of protoplasmic movement. 

Mustard Root-hairs. Root-hairs seemed likely to be useful 


* Gaidukoy, loc. cit. p. 52. 
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objects, and to ascertain their structure, Mustard seeds were 
germinated on damp blotting paper, so that the hairs were quite 
clean. Sunlight was used as illuminant. 

The wall of the hair is quite transparent. The protoplasm is 
irregularly distributed within the hair, occurring as “plugs” of 
various sizes along the long root hairs. ‘Towards the tip the 
protoplasm is rather more abundant. The protoplasmic plugs 
show some motionless and some rapidly oscillating particles, the 
latter appearing the larger. In each plug the motionless particles 
seem to predominate in that part towards the basal end of the 
hair, while the distal end of each seems to be almost entirely 
composed of particles in rapid motion. This was so obvious that 
it was possible to determine in which direction the apex of a long 
hair lay, although neither extremity was in the field, and there 
was practically no variation in diameter. No good indication was 
obtained of any protoplasm being present in the spaces between 
the plugs, even lining the cell wall. 

There were few particles which appeared to be comparable 
with the sap particles already described. Scattered particles do 
occur, especially in the dark spaces, and exhibit a slight wandering 
motion. They are quite minute, probably below the limits of 
resolution with direct illumination. In Dark-Ground illumination 
they appear to have the nature of vesicles or bubbles of some 
nature. 


The above examples of plant cells have been briefly described 
as having been found to be favourable objects for examination by 
this method. Others have been described by workers already 
mentioned. It is not to be assumed that the facts of structure 
presented are the same for all plant cells, as this is almost certainly 
not the case. Although theories of protoplasmic structure based 
on observations made by this method have been advanced, they 
will not be discussed here, in fact it would seem that more 
extended observations as well as further experiments on the 
reactions of protoplasm in different cases are required, before any 
general theories can be advanced. It has however been fairly 
well indicated that protoplasm partakes of the nature of a colloidal © 
solution *. 

Nearly all the work above described has been done in the 
Cambridge Botany School. It is my pleasure to thank Prof 
Seward as well as many others for the kindly interest taken in 
the work. 


* See Gaidukov, loc. cit. pp. 60 sqq. 
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The Variation of Magnetic Susceptibility with Temperature. 
By A. E. Oxtey, B.Sc. (Lond.), B.A., Trinity College. 


[Received 2 March 1912—Read 11 March 1912.] 


In 1895 Prof. Curie* experimented on the influence of tem- 
perature on the magnetic properties of a number of substances. 
He found in general that as the temperature was varied dia- 
magnetic substances behaved differently from para-magnetic 
substances, and this led to the conclusion that the origin of dia- 
magnetism is different from that of para-magnetism. 

A few years later, Langevin + developed a theory of magnetism 
and he showed that so long as we confine ourselves to gases, the 
experimental laws of Curie can be established on theoretical 
grounds. A theoretical deduction of Curie’s law for para-magnetism 
had previously been given by Prof. du Bois?. 

An extension of Langevin’s theory to include para-magnetic 
solids has been given by Weiss. 

Still more recently an investigation to examine whether Curie’s 
laws admit of the wide generalisation assigned to them has been 
carried out by Profs. du Bois|| and Honda‘. 

These physicists experimented at room temperature and found 
the variation of susceptibility with atomic weight for about fifty 
elements. Then each element was investigated separately and 
a temperature-susceptibility curve obtained. From an examina- 
tion of these curves Honda finds that the effect of a slight increase 
in temperature on the magnetic susceptibility of an element is 
the same as that which would be produced by a slight increase in 
the atomic weight of that element**. According to Honda there 
is no distinction, apart from sign, between para-magnetism and 
dia-magnetism, and both he and du Bois consider the basis of 
Langevin’s theory to be unsound. 


* Ann. de Chim. et de Phys. (v11.) v. 1895, p. 289. 

+ J. de Phys. tv. 1905, p. 678; Ann. de Chim. et de Phys. (vu1.) v. 1905, p. 70. 

+ Arch. Néerl. (u1.) v. 1900, p. 246; v1. 1901, p. 581. 

§ C. R., t. 144, 1907, p. 26. 

|| H. du Bois and K. Honda, Versl. Kon. Ak. v. Wetensch., Amsterdam, xm. 
1910, p. 596. 

“| K. Honda, Ann. der Phys. tv. 32, 1910, p. 1027. 

** (C.-Rz, te Lol, F910) poold: 
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The object of the present paper is to make an attempt to 
reconcile the results obtained by du Bois and Honda with Curie’s 
laws on the assumption that the latter are true for substances 
composed of simple molecules. 


The variation of para-magnetic susceptibility with temperature. 


If we take the simple Curie formula: 


C 

x=% 
where y is the susceptibility, $ the absolute temperature and C 
Curie’s constant, then since C is essentially positive = must be 


negative, and the para-magnetic susceptibility of an element must 
fall as the temperature rises. This is not in accordance with 
observations on many elements. 

An examination of the structure of pure elements in the solid 
state, e.g. the metals, shows that they are built up of crystalline 
aggregates each of which is formed by groups of molecules. The 
axes of the crystals are distributed at random, because on the 
application of strain the slip bands which are very nearly parallel 
for one crystal vary from crystal to crystal in an arbitrary manner. 
Such complex molecular groupings have been shown to exist in 
zinc, bismuth, iron, cadmium, tin, lead, silver, copper, gold and 
nickel. In a later research Ewing and Rosenhain* investigated 
the effect of heat on the crystalline structure. No arrest-points 
were found for lead similar to those which exist in the case of iron, 
although a careful search was made for them. Since the slip 
bands for any one crystal are parallel it follows that each crystal 
is built up of a system of molecular groups which are similar and 
similarly orientated. Moreover these systems of molecular groups 
break up and redistribute their axes as the temperature varies. 

The existence of complex aggregates in general in the solid 
state is considered by J. J. van Laart in a recent research. 

In the following we are concerned with small susceptibilities 
only, i.e. the ferromagnetic elements are excluded. 

Let there be NV types of molecular groups and denote a 
particular type by p. If C, is the corresponding Curie constant, 
per particle, then the specific para-magnetic susceptibility of the 
substance may be written: 


at any temperature 3, where NV, is the number of particles of 
type p which are found in unit mass. The association of the 


* Phil. Trans. A, cxcr. 1900, p. 353. 
+ Versl. Kon. Ak. v. Wetensch., Amsterdam, x11. 1910, p. 26. 
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molecules to form complex groups is supposed to be a chemical 
effect and the molecular field is assumed to be negligibly small 
everywhere. Under these conditions the summation on the 
R.H.S. of (1) is valid. 

Since n, depends upon S$, we may write 


Neg Nops Lp 


where F,(S) is the function of the temperature according to 
which a group breaks up as the temperature $ varies, and Noy is 
the number of particles of type p at the temperature 3, given by; 


F,(%)=1. 


Equation (1) may now be written 


ay F(S 
Vp = J Mp. Ca. S ) 
p=1 


and so 


oyp 1 0 F, (3) C 
aS = 2" Gor ay ( < ) «ob hese (2). 


Now any factor of the type nC, is positive while the last 
(= (3) 


5 ) may be positive or negative according to the 


factor i 


os 
nature of the function F,, (9). 

In the case of the change from para-magnetic “ry” iron to “6” 
iron an increase of temperature produces a more complex type of 
particle. The general effect of an increase of temperature will be 
to produce simpler particles. 

The aggregation probably alters the nature of the internal 
motions in the atom but this is not essential for the present. It 
does affect the number of molecular collisions and thereby in- 
directly affects the para-magnetism of the element. 

Hence, according to the manner in which the individual aggre- 


gates of the molecules break up, ~ may be positive, zero or 


negative. 

The most remarkable variations in the value of = are shown 
by tin*. If the dia-magnetic grey tin is gently heated the 
specific susceptibility changes almost suddenly with the density 
and at 35° passes through the value zero. Further heating con- 
tinually increases y, and the value + 0:03.10-. for para-magnetic 
tin is attained at 50°. The value at y now remains constant until 
the melting point at 232° is reached where there is a discontinuity 


* H. du Bois and K. Honda, loc. cit. p. 602. 
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and it falls to —004.10-*, the dia-magnetic liquid retaining 
this value unchanged on further heating. Du Bois and Honda 
consider these irregularities to undermine the assumptions made 
in Langevin’s theory. Nevertheless Honda’s rule will not account 
for them, while there is every possibility that they are fully 
accounted for if we consider the change in the constitution of the 
molecular groups owing to changes in density and alteration in 
crystalline form. 


The variation of dia-magnetic susceptibility with temperature. 


That the dia-magnetic susceptibility of many substances varies 
with the physical state is clearly shown by du Bois and Honda*. 
For instance they find a difference in allotropic form is accom- 
panied by a change in susceptibility in phosphorus, antimony, 
carbon, and tin. Also there is a discontinuity at the melting 
point in the case of P(44°), Ag (961°), Sn (233°), Sb (631°), 
Te (450°), Au (1064°), Tl (290°), Pb (327°), Bi (268°), Cu (1065°), 
Cd (322°) and I (114°)+. 

Let us assume as before that the substance under investi- 
gation is composed of complex molecular groups which vary in 
constitution as the temperature changes. It is a reasonable 
assumption to make that the process of association modifies to some 
extent the internal structure of the atom, for otherwise it is 
difficult to conceive the nature of the process of association. 

If the molecules are simple and do not aggregate let the 
magnetic moment produced by application of the field be 6M per 
molecule, and when there is aggregation let it be 6M, per particle 
of type p. The specific dia-magnetic susceptibility will be given 


by 


where », is the number of particles of type p in one gramme of 
the substance and H is the field intensity. 
But np varies with the temperature. Write n, =n). F,(S). 
Then 
12 
= yp Ol, i) 
p=1 
OXD _ 1 N 0 
and ene = Hz 5 6M, s OS. (Ff, (3)) clelsieieial<isisicleie (4). 
The variation of dia-magnetic susceptibility with the temperature 


depends upon factors of the type = (fF, (3)) and these may be 


* Versl. Kon. Ak. v. Wetensch., Amsterdam, x11. 1910, p. 601. 
+ See also J. J. van Laar, ‘On the solid state,’’ loc. cit. p. 26. 


VOL. XV1. PT. VI. A3s- 


490 Mr Oxley, The variation of magnetic susceptibility, etc. 


positive or negative, for the aggregate may increase or decrease in 
complexity with increase of temperature. It appears that the 


sign of = proves little or nothing as to the validity of Curie’s two 
laws, which are probably true for substances built up of simple 


molecules. And it cannot be said that this variation in sign of = 
indicates that there is no distinction other than that of mere 
positive and negative number, between the nature of para-mag- 
netism and that of dia-magnetism. 

I have to thank Prof. Sir Joseph Thomson for the interest he 
has shown in this work, also I must express my indebtedness to 
Prof. W. M. Hicks and Dr N. Bohr for valuable criticism. 
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Note on the Chromosomes in Oogenesis and Spermatogenesis 
of the White Butterfly, Pieris brassicae. By L. Doncaster, M.A., 
King’s College. 


[Read 26 February 1912.] 


In a former note in these Proceedings (xvi. 1910, p. 44) I 
described the behaviour of the chromosomes in the spermatocyte 
divisions of Abraxas grossulariata. As had previously been 
recorded for other Lepidoptera by various observers, no unpaired 
or unequal heterochromosome was discovered. The division-figures 
in oogenesis were too small and crowded for accurate observation. 
Since in this species sex-limited transmission occurs in the female, 
and since in Drosophila and Man, in which sex-limited transmission 
occurs in the male, unpaired heterochromosomes have been recorded 
in the spermatogenesis, it seemed possible that such chromosomes 
might exist in the oogenesis in Lepidoptera. I find that in Pieris 
brassicae the division-figures are larger and clearer, and the results 
of my investigation are shortly as follows. The oogonial mitoses 
show 30 chromosomes, of which eight are smaller than the rest, 
but there is no visible inequality in the members of any pair. In 
the growth stage of the oocytes the nuclei pass through (1) a stage 
with fine tightly coiled spireme (“synizesis”), (2) a fine loose 
spireme or intertwined threads, leading to (3) nuclei with 14 
thicker threads arranged meridionally round the nuclear membrane. 
These threads then contract to (4) 14 short, thick, conspicuously 
double chromosomes. During all these stages there is a chromatin 
nucleolus which, at least when the chromosomes are separately 
visible, is double. It may be regarded as a pair of chromosomes 
which do not take part in the spireme stage, as has been described 
in the spermatogenesis of other species of Lepidoptera. 

In the spermatogenesis the spermatogonial chromosomes are 
about 30; I have found no figure in which I can count them 
accurately. The early spermatocytes go through stages similar to 
those of the young oocytes, with chromatin threads and nucleolus, 
but the meridional arrangement of the chromosomes before con- 
traction is less clear, and in the last phase before division the 
chromosomes are represented by irregular masses under the 
nuclear membrane, connected by a reticulum. In the first sper- 
matocyte division the equatorial plate contains 15 chromosomes, 
of which four are usually smaller than the rest, but the difference 
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in size varies in different cells. In side views of metaphase and 
early anaphase no unequal division of a chromosome can be detected. 
The equatorial plates of the second division show 15 chro- 
mosomes; usually four are smaller than the remainder, two 
commonly being conspicuously smaller and often lying side by 
side. Some figures show only three small ones, and these 
differences among the equatorial plates of the second division led 
me to suspect an unequally paired heterochromosome, but I have 
been unable to substantiate this suspicion. Daughter-plates of 
the second division are similar to each other. I conclude therefore 
that in each sex of Pieris brassicae there are 15 pairs of 
chromosomes, one of which pairs takes the form of a “chromatin- 
nucleolus” during the growth-phase of oocytes and spermatocytes; 
in the female all are equally paired and there is no sufficient 
evidence of inequality in the male. No relation can thus be 
found between the sex-limited transmission of characters in 
Lepidoptera and the existence of unpaired or unequal hetero- 
chromosomes. 
(A fuller paper will appear in The Journal of Genetics.) 
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A group of Rhizopods from the Carboniferous Period. By 
R. C. McLean, B.Sc., London. Botany School Cambridge. (Com- 
municated by Professor Seward.) 


[Read 26 February 1912.] 


THE following notes on the various species of some interest- 
ing microscopic organisms, which are here referred to the class 
of the Rhizopoda, are intended simply by way of an introductory 
account, and are not to be regarded as an attempt at the produc- 
tion of a comprehensive monograph. 

In extenuation of such an indulgence in the privilege of a 
“preliminary account,” it may be urged that the group of organ- 
isms here described has suffered a neglect wholly unwarranted, 
when their beauty and complexity of form, no less than their 
systematic interest, and generally problematic nature, are con- 
sidered. This neglect is very probably due to the entire lack of 
any comparative and connected account of them. The original 
literature which deals even with portions of the group, consists of 
but a few isolated papers, and although researches have from time 
to time been made, since the discovery of the organisms forty 
years ago, no attempt at a comparative survey or correlation of 
the various species has ever been made. 

If therefore these notes should stimulate any interest which 
would lead to the settlement of the systematic position of the 
organisms, their purpose will be fulfilled. 

In the Lower Coal Measures of the North of England there 
occur, in some abundance, a number of microscopic bodies showing 
related features, which are grouped at present into four genera— 
Traquairia, Sporocarpon, Zygosporites and Ozdospora. 

These four genera are particularly common in the Halifax 
Hard Bed, but specimens have been found in all the other localities 
productive of coal-balls, including Dulesgate, Oldham, and Shore. 

The Burntisland beds in the Lower Carboniferous, have also 
yielded two species of T'raquairia, while on the continent, Dr Kubart 
has recorded, and Mrs Scott confirmed, the occurrence of Traquavria 
at Ostrau and Karwin in Moravia, in Upper Carboniferous beds 
which are older than the English Coal Measures. 

Another organism which will probably have to be classed 
along with the above is a calcareous Carboniferous form first 
referred to by Prof. Judd, and named by Williamson Calcisphaera*. 

Regarding the status and affinities of all these structures there 
has been the greatest diversity of opinion. 


* «Organization of Fossil Plants of the Coal-Measures,’ Pt. x. Phil. Trans. 
1879. 
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Carruthers, describing Traquairia for the first time, in 1872, 
placed it unhesitatingly among the Rhizopods, and compared it 
with some forms figured by Archer* and Cienkowskit+ in the pre- 
vious year, although it must be confessed that the resemblance 
is not startling. The other four genera were all described and 
figured, along with Traquairia, by Prof. Williamson? in his ninth, 
tenth and twelfth memoirs. He, although at first inclined to 
regard them as conceptacles, or sporangia, latterly considered 
them definitely established as the megaspores of Lycopodiaceous 
plants. This latter opinion was based upon frequent association 
of their remains with those of Lepidostrobus and allied cones. 
Never, except in a single instance, were the supposed megaspores 
found in undamaged sporangia. In the single instance referred 
to, a crucial test of their nature, seven individuals of Zygosporites 
brevipes were found in a complete and very thick-walled sporan- 
gium. ‘This evidence in favour of regarding them as megaspores 
would have to be considered conclusive, but for the fact that the 
sporangium also contains some dirt, a fragment of a hypha and 
three coprolites as large as any of the Zygosporites, obviously not 
formed in situ, and indicating that the entirety of the sporangium 
is only apparent and confined to the plane of the section. The 
true megaspores of the fructifications concerned are now well 
known. They are very similar to those of many modern Lycopo- 
diaceae, and in no way resemble Traquairia. 

It is unfortunate that rounded cells which are without doubt 
of fungal nature, have so often been regarded as integral parts of 
the structures in which they occur, and interpreted as endosporal 
cells, microspores, and the like, leading to quite erroneous con- 
clusions. 

Strasburger§ and Solms-Laubach|| judged Traquairia and 
Sporocarpon to be portions of Rhizocarpean plants, and compared 
them to the massulae of Azolla, an opinion which, even coming 
from such learned sources, must be regarded as obsolete. Schenk? 
and Zeiller** both copy this opinion in their text books of botany 
and fossil botany. 

This suggestion of a comparison with the massulae of Azolla 
has not proved very fruitful, as there survive at the present day 
no Hydropterideae which can afford a sound analogy of structure 
with the fossil organisms. Nor are extinct forms any more 
enlightening. 

Q. J. M. S. 1869-71; Proc. Irish Academy, 1873-4. 
Archiv f. Mik. Anat. 1865-7; Bot. Zeitung, 1865. 
Phil. Trans. 1877, 1879, 1883. Part un. 

See Williamson, Phil. Trans. 1879, p. 515. 

Fossil Botany, p. 183. 


Handbuch der Botanik, Band ty. 1890. 
** Eléments de Palaeobotanique, p. 130. 
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Submitted by Williamson to Haeckel, in 1876, the opinion 
given concerning them was: that no structures comparable to 
these organisms were known among the Radiolaria. His opinion 
was delivered before the publication of the Challenger Report 
on the Radiolaria and it is possible that this judgment might have 
been subsequently revised. At any rate there are many species 
figured in the above-mentioned work which readily lend them- 
selves to suggestive analogies; an instance of this being the genus 
Auloplegma, which affords a very plausible comparison with the 
structure of Traquairia. 

One paramount objection to their Radiolarian nature is, of 
course, that none of them are siliceous. Their appearance is 
that of true vegetable remains, although the prevalent darkness 
of tint suggests chitin rather than cellulose. In a portion of an 
insect discovered in one slide, where some unquestionable chitin 
was present, a comparison was possible, and tended to support this 
view of their nature. 

Chitin is a substance not uncommonly found in the tests of 
Protozoa of various families, but it is noteworthy that it is 
particularly characteristic of those occurring in fresh, or only 
slightly brackish waters. 

Among the Foraminifera chitin forms the test throughout the 
Gromideae, and is also frequently the organic basis of the test in 
the Arenaceous forms. Most interesting however is the change 
displayed by the shell of the Miliolidae. Brady* says that in 
brackish water, where the supply of earthy salts in solution is less 
than in the open sea, the shells of such species as survive become 
less and less caleareous as the water becomes less saline, until at 
last a point is reached where the test has become entirely 
chitinous, and the water entirely fresh. In species from abyssal 
depths of the ocean the test was found to be siliceous, which 
indicates an instructive variability within the limits of a single 
family. 

In Calcisphaera, we have, however, a foraminate, calcareous 
form, and this fact of composition may prove to be a valuable link 
between it and some other group among the Rhizopoda. 

Schorlemmer, consulted by Williamson, considered the replace- 
ment of silica by calcite to be impossible, unless the actuality of it 
were certified by convincing morphological evidence. This evidence 
has been accumulated by Prof. Sollas+ and Dr Hindef in regard to 
sponges occurring in the Silurian, in Cretaceous rocks and in the 
Carboniferous Limestone of Derbyshire, where the spicules have 
been dissolved and replaced by CaCO;; amounting to a definite 


* Challenger Report on the Foraminifera, 
+ Q. J. G. S. vol. tv. 1899. 
+ Catalogue of Fossil Sponges in the British Museum. 
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proof that such a substitution may take place. Under these 
circumstances it is necessary to believe that Calcisphaera may 
have been originally siliceous, in which case it stood very near to 
the Radiolaria. In the calcified condition it is more suggestive 
of the Ramulina group among the Foraminifera. 

Carruthers advanced as an objection to his own opinion of the 
Radiolarian affinities of Traquairia, that it did not possess a 
“central capsule,” a constant feature of the true Radiolaria; but 
Mrs Scott* in her recent valuable account of the same genus, 
states that every species is now known to possess that structure. 
The same is true of Sporocarpon and of some of the other forms, 
so that the objection to their Rhizopodean affinities on this score 
falls to the ground. 

To Prof. Dendy, F.R.S.+, belongs the honour of suggesting that 
all these forms might be placed in a separate, extinct group of the 
Protozoa, provisionally allied to the Radiolaria; which is the view 
least open to criticism in the light of present knowledge, and is 
the one adopted in the present paper. 

In passing on to a morphological description of the species, 
it may be as well to say a few words regarding the characteristics 
of the group as a whole. These organisms are to be regarded, in 
the absence of any organ of attachment, or demonstrable parent 
—whether plant or animal—as individual organisms, either living 
a free existence in the water, or united into small colonies, in 
which they are more or less closely adherent to one another. 
They are all spherical, with the exception of Sporocarpon tubu- 
latum and Zygosporites oblongus, which are ovoid, and they are 
characterized by a tendency to the peripheral development of 
numerous tubular processes, either radially or tangentially. 

In some cases these processes, touching one another all over 
the surface of the sphere, form a compound investment, completely 
enclosing the simple wall which limits the central cavity. In 
other cases they are remote one from the other and are connected 
by a system of tangential tubes. In extreme cases only the 
tangential tubes appear. These processes communicate with the 
internal cavity, and appear to provide a means for the extrusion 
and extension of the protoplasmic labyrinth from within, by way of 
pores upon their outer surfaces. In size, the forms varied from 
‘4—-05 mm. in diameter, the descending series being 7'raquairia, 
Sporocarpon, Zygosporites, Oidospora. Reproduction was accom- 
plished by means of spores, formed within large spore mother-cells, 
which in turn were surrounded by a mass of periplasm{. No 


* Annals of Botany, vol. xxv., April 1911. 

+ During discussion of the above paper, when read at the Linnean Society. 

+ Cienkowski, ‘‘Spore Formation in the Radiolaria,” Q. J, M. S. 1871, vol. x1. 
N.S. 
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dimorphism of the spores has yet been observed—the supposed 
instances of it noticed by Williamson being due to a postmortem 
development of fungal spores in the central cavity. It is just 
possible that certain commonly occurring small spores, of a dark 
colour, may represent microspores, but they are more probably 
only fungal, judging, that is, by their mode of occurrence. 

Young phases have not been discovered, possibly owing to 
their fragile nature, or to minute size. What slight indications 
of the development have been observed denote that the spines, 
where they occur, are produced by the centrifugal elongation of 
small peripheral chambers, originally contiguous, which become 
separated by the continued growth of the sphere wall. 

That the structure was in all cases unicellular, and comparable 
with that of the Protozoa, seems evident, as no segmentation of the 
organism occurs except during sporulation. 

It has been stated above that no organ of attachment has been 
discovered in any one of the very numerous specimens extant, and 
having in consideration their small size, and the large portion of 
each individual included in a fossil section of average thickness, 
this constitutes a conclusive argument against the existence of 
any such appendage. If the hypothesis that the numerous super- 
ficial pores served the purpose of foramina for the extrusion of a 
protoplasmic labyrinth be well founded, it naturally follows that 
the mode of nutrition would probably agree with that of similar, 
recent forms of Rhizopods, in which bacteria and small algae are 
caught, enveloped and digested in the meshes of the outstretched 
network, without ever being ingested in the main central mass of 
the animal. 

Under these circumstances an operculum or other large orifice 
in the test is needless, in so far as nutrition is concerned; although 
in some modern forms it does occur. 

Mrs Scott has figured, from slide W. 1077 of the Williamson 
Collection a structure which she believes to be such an operculum. 
After a careful search over the section in question nothing appeared 
which lent itself strongly to the support of such an interpretation. 
It is not to be denied, however, that such orifices may exist. 

Before proceeding to describe the species of the group distinctly 
and in detail, it is worth remarking that if any modern forms can 
be found with which these organisms might be correlated, valuable 
evidence in regard to the conditions, whether fresh, salt, or estuarine, 
under which the coal beds were laid down, and of the topography 
of the coal measures would result. Carruthers originally suggested 
that they might form indicators of oscillations in level during 
deposition. 

To summarise the general conclusions regarding the group 
in a few words, we may say that we are dealing with a close group, 
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the species of which show clearly marked inter-relationships, but 
that the group as a whole exhibits no intimate affinities with 
any living group. 

The Radiolaria may be indicated as the nearest Protozoa which 
approach them, and among these the small recent group of the 
Aulosphaerida (Réhren-Kugel Radiolarien)*, on account of their 
hollowed echinate spines and ramifying tangential tubules, are 
the most likely parallel. Indeed all the Phaeodaria present 
a greater or lesser degree of analogy with these organisms. 
Although debarred by their physical constitution from a place 
within the group Radiolaria, they may yet be classed as a second, 
distinct division of Rhizopoda Radiaria, subsidiary to the great 
division named above. 


RHIZOPODA RADIARIA. 

Family. Traquairidae. Extinct Protozoa, typically spherical 
and radially symmetrical, secreting a chitinous test of 
complex structure, which is composed either of elongate 
radial processes, tangential tubuli or a lobate stereome. 
Reproduction by means of spores produced from large 
mother-cells, which fill, and are enclosed within, a thin- 
walled central capsule. 

Within the Traquairidae, Traquairia is the oldest established 
enus. 
; Traquairia. (Carruthers—Report of Bot. Section. Brit. Ass. 
1872) was compared by its discoverer to the Xanthidia in flints, 
and to some Rhizopods described by Archer} and by Cienkowskif. 

This genus has been recently the subject of investigation at 
the hands of Mrs Scott. In looking over the Scott Collection, 
during the process of cataloguing, she came to distinguish four 
species which she has named and described. 

The first of these, which is also the commonest, is named in 
honour of the discoverer of the organism. 

T. Carruthers. 

This is the original form which Carruthers himself described. 

The radial processes, as in all the species of 7raquairia, take 
the form of elongated spines. These occur distributed pretty 
evenly over the entire surface of the sphere, and not grouped in 
any way. They are stout and broad at the base, the greater 
portion of the circumference of the spine at this point being 
occupied by the openings of the large tangential tubuli, which 
form a stout network of short tubes all over the exterior surface. 
These tubuli are not confined to one plane, but are frequently 
intertwined, passing one beneath another. 


* Haeckel, Die Radiolarien. 
+ Loe. cit. 
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The spines taper slightly, are equal to about one half the 
diameter of the sphere in length, and commonly branch at the 
extremities. They increased in thickness and strength with age, 
so that they must perforce have contained living protoplasmic 
material. 

They open into the interior cavity by means of a large 
proximal pore, and bear hollow echinations in whorls of 10—16 
along their entire length. These echinations are produced into 
a complex system of branching and anastomosing fibrils which 
form a dense mass near the base of the spines, and become less 
and less conspicuous towards the top, the extreme tip bearing 
only inconsiderable tufts. 

The whole mass thus presents a conical appearance, the spine 
itself forming the axis. Fibrils—or ramalia as they may 
distinctively be named—of adjacent spines do not connect with 
each other in any way. The spines were not brittle when young 
and are often abruptly flexed. Old spines were however less 
flexile. 

The bases of the spines contain a delicate linmg membrane, 
apparently forming an internal vesicle. 

The tangential tubuli do not bear any ramalia. This is a 
specific feature, as will be seen further on. 

Inside this complicated test is found the delicate sphere wall, 
perforated only at the base of each spine, which forms a coat 
inside of the peripheral network of tubuli. Within this again is 
produced the “central capsule” which has been the ground for 
previous comparisons of the genus with the Radiolaria. 

The wall of the central capsule is thin and smooth, and during 
life must have been formed close beneath the sphere wall. In 
this position it is commonly preserved. This central capsule 
contains, in favourable states of preservation, a large number of 
thin walled vesicles, apparently embedded in a mass of muci- 
laginous material, which may be termed periplasm, though whether 
it really represents such a substance, or merely mucilage is un- 
determined. 

In several instances small objects have been found within 
these vesicles, which have all the appearance of having been 
formed there, and from their structure and lack of exterior origin 
or attachment may be conceived to be the true spores of the 
organism, the larger vesicles being interpreted as mother-cells. 
They are referred to hereinafter as sporoids. The spores consist 
of a single comparatively large central cell, surrounded by a layer 
of very small vesicles, which are rounded, almost hemispherical, 
although they touch each other tangentially, all over the surface of 
the central cell, thus recalling the Ozdospora about to be 
described. 
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No developmental phases have yet been obtained, and the 
origin of the spines and tubular network from contiguous vesicles, 
by radial and tangential elongation respectively can only be 
surmised. 

In general appearance 7’. Carruthersw is much lighter in colour 
than the species next to be described, being quite a pale-brown, 
and of a furry appearance, owing to the extensive development of 
the fine ramalia. 


OPENING 


Fig. 1. 
A. Diagrammatic view of a transverse section of Traquairia Carruthersii, showing 
the central capsule containing sporoid cells and small spores. 


B, B’. Transverse sections through a spine of 7. Carruthersii, taken respectively 
near the base, and near the apex; showing the decrease in the development 
of the ramalia. 

C. The basal portion of a much-fiexed spine of 7’. Carruthersii, showing the 
proximal opening into the central cavity of the organism. 


D. Enlarged view of one of the small spores in the above species. 
E. Diagram of spine construction in Traquairia Spenceri. 


T. Spencer. 

This occurs like the above in the Halifax Hard Bed, but a 
single specimen, in the Williamson Collection, is recorded from 
Oldham. 

The spines are very much longer than in Carruthersu, being 
not infrequently almost as long as the diameter of the sphere, but 
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they are less numerous. They taper to a point and do not branch, 
while they are evenly arranged over the entire surface as in 
T. Carruthersti. The bases are swollen into bulbs, and the 
development of the fine ramalia is quite sparse, so that the spines 
appear as if naked. Here, as in Carruthersit, the spines were very 
flexile, and, Mrs Scott says, were frequently bent into hook-like 
forms. The circumferential network consists of a very regular 
system of comparatively narrow tubuli, which unite the spines one 
with another. Instead of passing one over another, the tubuli in 
this case form junctions among themselves so that they present 
a system of nodes and internodes. No ramalia are produced on 
them. 

The capsule is similar to that in Carruthersw; but the small 
spores have not been observed. The secondary “inner capsule” 
sometimes observed is certainly in some cases the appearance 
presented by the existence of a large interior bubble in the matrix. 
Mrs Scott has figured a structure in the capsule of this species 
which may be an operculum. The general colour is dark, almost 
opaque. Spenceri is much less common than Carruthersu. 

These two species are not nearly so sharply defined as are the 
species of Sporocarpon, and intermediate forms are not uncommon, 
As typically developed, however, they are certainly distinct, and 
may be with advantage considered as being separate species. 

T. burntislandica. 

In this species we have a thoroughly different type. Although 
described from the Burntisland beds, of Lower Carboniferous age, 
it appears to have survived into the Upper Carboniferous, specimens 
almost, if not absolutely, identical being found in the Lancashire 
coal-balls. It may be considered as the oldest species of the 
genus. 

The spines are large, thick walled and sparse: they do not 
taper, neither is there any proximal expansion. They are often 
broken in pieces and appear to have been brittle. The echinations 
are very large, and arranged in several regular longitudinal series 
or orthostichies, giving the spine in longitudinal section a moniliform 
appearance. ‘They bear very coarse, tubular ramalia which are not 
branched beyond the third degree, and whose ends are open. These 
tubular ramalia proceed outwards a regular, though short, distance 
from each spine before branching, which then “takes place pro- 
fusely. In this way is formed a cylindrical outer coating of 
tubuli, separated by a space from the spine which it surrounds. 
The network between the spines is very open, and is formed by 
tangential tubuli which proceed in a radiating manner from the 
base of each spine, interlacing with each other, but remaining 
distinct from the tubuli which proceed from the other neighbouring 
spines. They are themselves branched, forming by their branching 
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tubuli, which are indistinguishable from the ramalia borne by the 
spines. 

4 The sphere wall is attached to the base of each spine, and 
forms a continuous coat, underneath the tubular test. 

The capsule and sporoid cells are similar to those of the above 
species. Owing to the loose structure of the test, fungus spores 
are more commonly found in this than in the other species. 

T. Ramex. (Latin—Ramez, a pectoral bloodvessel. In allu- 
sion to the tubular, branching ramalia.) . 

This is a new species, which it is proposed to separate from 
T. burntislandica on the ground of several important differences. 
It comes from the Halifax Bed, and is similar to burntislandica in 
general type. The spines however are very few, and are either 
solitary or in small groups. They are brittle, taper to a point, 
and are constricted just above the base. They are shorter than 
in burntislandica and the ramalia do not form a continuous in- 
vestment around them, but branch only slightly, and that close to 
the spine. The tubular network is similar, and also bears ramalia 
plentifully. 

Most important, however, in distinguishing this species is the 
absence of any sphere wall, the tubuli forming the only structural 
investment of the organism. 

Capsule and sporoids are of the normal description. 

T. stellata. 

This is by far the rarest of the species, and I have had no 
opportunity of examining any specimen. It is described and 
figured by Mrs Scott* as possessing instead of tubular spines, a 
species of lobed wall, the lobes being very long radially and 
segmented by transverse and periclinal divisions. These lobes 
bear ramalia, so that notwithstanding a superficial resemblance to 
Sporocarpon asteroides, it must be classed within this genus. A 
central capsule is present. Like burntislandica this species comes 
from the Burntisland beds. It is therefore an older form than 
most of the other species. 

We now pass to the second, the largest genus of the Traquairidae, 
namely Sporocarpon. In this genus some six very well defined 
species are included, although it is very difficult to frame any 
definition which would cover all, save in the most general and 
unlimited terms. 

The species which is usually taken as the type is one of a very 
striking nature, namely Sporocarpon elegans. 

S. elegans. 

The wall in the usual weathered state of preservation appears 
to be made up of hour-glass shaped cells, touching at the upper 


=! Poeyvicit: 


from the Carboniferous Pervod, 503 


and lower bulb, and having spaces between the constricted “ waists.” 
or median portions. These hour-glasses are usually widely open 
to the exterior, but some appear to be produced into long tapering 
spines. There can be no doubt, however, that all the cells were 
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Fig. 2. Scheme of Spine forms in three species of Traquairia. 
A. Traquairia burntislandica. 
B. Traquairia Ramex (sp. nov.). 
C. Traquairia stellata (after Mrs Scott). 


originally so produced, but that through the fragile nature of the 
spines, they have been reduced to a common level by weathering. 
The structure thus represents a wall formed of tapered spines, 
swollen and contiguous towards the inner extremities, and below 
this swelling tapered to a fine tube which again expands into a 
second series of contiguous bulbs, abutting on the central cavity 
of the organism. These spines are smooth, and may be single 
pointed, bifid or trifid, as in 7. Carruthersti. The median lumen 
is continued centripetally and opens into the central cavity. It is 
not decided whether the tips of the spines are pierced by pores, or 
not. 

Between the concentric coats, formed by the two series of 
swellings, there is a space, traversed radially by the numerous 
fine “waists” of the hour-glass portions of the spines. Williamson 
declared, on the basis of some tangential sections of elegans in 
which walls appeared in this space, that it was filled by a soft 
tissue, formed of triangular cells, whose angles were the “waists” 
and whose walls divided the space between into regularly arranged 
elements. 

It is clear in other preparations, however, that these supposed 
walls are indeed tubules, forming a tangential network joining up 
adjacent spines comparable to that in Traquairia, 
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On morphological grounds it is in any case difficult to see how 
a cellular tissue could arise in a space which is in truth exterior 
to the organism, although enclosed in the structure of the wall. 

Throughout all the species, so far as observations extend, the 
central cavity presents exactly the same features as in Traquairia. 
It is therefore unnecessary to reiterate the characters for each 
individual species. Williamson found 45 elegans in a single cone 
of Lepidostrobus, which gives some index of its abundance in the 
coal-balls. 

S. compactum. 

The wall is formed by a smooth, thin, imperforate membrane. 
This is the only case where no perforation of the sphere wall has 
been seen, but comment will be made on this seeming anomaly 
later on. Upon the outside of this membrane is an attached wall 
formed of a palisade layer of peripheral “vesicles” —so to call them— 
small bladder-like cells, longer than their breadth, flattened against 
the membrane wall at the base, and sharply tapered to a mucronate 
point. The exposed surface of these vesicles is covered with very 
minute echinations, which bear tiny tufts of hair, analogous,we may 
suppose, to the ramalia in 7raquairia. The vesicles themselves 
are lined with a delicate membrane. It was originally suggested* 
that compactum was merely a growth phase of elegans, this view 
being based upon specimens in which the vesicles of compactum 
were becoming elongated into spines strongly resembling those of 
the other species. 

This view is incorrect. The spines of compactum, which are 
produced by a proportion only of the vesicles, are the adult stage 
of that species, and are very different in character from the spines 
of elegans, being covered with the minute tufts of papillae spoken 
of in connection with the young vesicles. They are moreover not 
nearly so acute as in elegans. The young phase of elegans is not 
known, but it is presumed that the adult structure must have 
been arrived at by the centrifugal elongation of a layer of pris- 
matic vesicles in a similar way to that described in the present 
species. The vesicles of compactum never become separated from 
one another. 

In regard to the perforation of the sphere wall in this species, 
it may be remarked, that in some species of Traquairia this per- 
foration occurs only beneath the spine insertions, so that we may 
expect something of the same sort to be found here. No section 
passing through the proximal end of a fully developed spine is, 
however, as yet available. As compactum is the commonest species 
of Sporocarpon, such a specimen will no doubt be discovered ere 
long. 

* Williamson, ‘Organization of Fossil Plants of Coal-Measures,” Pt. x. Phil. 
Trans. 1879. 
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S. tubulatum. 

A species similar to the last, classed by Williamson as 
compactum var. tubulatum. There seems little doubt that it 
really forms a distinct species, as it has several characters peculiar 
to itself. In the first place it is not spherical, but ovoid, one 
diameter being about 4 greater than the other. This feature is 
shared by one other form only, within the Traquairidae, namely, 
Zygosporites oblongus. The specimen figured by Williamson was 
a young phase—corresponding to the young phase of compactum— 
that is to say the state previous to the development of the spines. 
In this condition the peripheral vesicles form a compact wall, being 
smaller at their proximal ends and enlarged towards the exterior. 
The extremities are not mucronate as in compactum, but rounded 
smoothly off. Later on, these vesicles become centrifugally pro- 
duced to form spines somewhat resembling those of elegans, that 
is to say, at the point where the original termination of the vesicle 
was, in the young state, they develop a globose swelling, below 
which a slight constriction becomes evident. The upper portion 
of the spines, above the swelling, tapers smoothly to a solid point. 
A noteworthy difference between this species and compactum is 
found in the fact that all the vesicles become produced into spines, 
as in elegans. In this way, the originally contiguous vesicles 
become separated one from another, being thrust apart by the 
development of the swellings. If the spines then get weathered 
away, their lower portions not being supported by any tangential 
tubuli, fall together and become disorganised. Proximally, each 
opens into the interior cavity of the organism by a large pore, to 


Fig. 3. The original types of the genus Sporocarpon. 
A. Sporocarpon elegans. B. Sporocarpon compactum. 
C. Sporocarpon tabulatum. All three showing some completely developed spines. 


The central capsule and its contents in all these species are quite similar to that 
in Traquairia Carruthersii, and are therefore left unrepresented. 
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which it is connected by a constriction. There are no exterior 
papillae on the surface of the spines. 

This species is very uncommon. No capsule or sporoids have 
yet been observed. 

We now pass to a second type of Sporocarpon, which shows 
such remarkable differences that it is difficult to regard it as 
satisfactorily included in the same genus as the species described 
above. 

The first species, one which shows an intermediate form of 
structure, is that described by Williamson in his ninth memoir* 
as Sporocarpon cellulosum. 

S. cellulosum. 

Here we have again the typical spherical form, bounded by 
a rather stout sphere-wall. Outside this is a curious compound 
wall, the true nature of which remains in some doubt. It appears 
to consist of short, stout, tubular processes, which occur in some 
places bunched together into radiating groups, but are, as a whole, 
distributed fairly evenly over the entire surface. Those forming 
the groups are considerably longer than those occurring separately, 
thus giving the test, in radial section, a lobate appearance. These 
tubes are quite open at the extremity, and are connected together 
by parallel series of fine tangential fibrils, running straight from 
one tube to another, the tubes themselves being divided horizontally 
by similar fibrils. Whether these are truly fibrils or represent 
the edge-view of fine plates, remains doubtful, although the latter 
alternative is, on comparative grounds, a possible one. Well-pre- 
served specimens are not sufficiently common to decide the question. 
Nor have proximal openings to the tubes been discovered in any 
extant example. The tangential connections give the whole test, 
viewed under a low power, something of the appearance of corky 
tissue, a resemblance which presumably suggested the specific name. 

All appearance of the tubes becoming produced into spines is 
absent, nor is it to be regarded as a probable contingency that 
they did so develop. 

What imperfect remains of the central capsule and sporoids 
have been preserved, are sufficient to certify that they followed 
the normal type. 

S. asteroides. 

This is a commoner species than the last, and is a striking | 
development of a novel order of structure, the divergence from the 
elegans-type being very strongly marked. 

The test consists of the usual smooth inner wall, which is 
surrounded by a thick mass of apparently parenchymatous tissue. 
This tissue is composed of rounded elements, quite undifferentiated, 
and resembling pith cells in appearance. No cuticularization at 
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the exterior surface is evident. It would bring asteroides more 
into line with the rest of the group, could it be shown that this 
supposed parenchyma was in reality only the appearance presented 
by a mass of anastomosing fibrils. There is nothing in the exist- 
ing specimens to render such a view untenable, but direct proof 
of its truth is wanting. The specific name is derived from the 
fact that this tissue is produced radially into long lobes, thus 
giving the radial section an asteriated outline. Capsule and sporoids 
are typically developed. 

The last species of Sporocarpon is S, pachyderma. 

S. pachyderma. 

In this form the test consists of an interwoven mass of large 
tubuli, an investment which may reach a thickness as great as 
the diameter of the central cavity. These tubuli branch and 
anastomose very freely, the result beimg a dense tissue, which 
envelopes the organism. On the outer surface, openings are 
provided by short branches, which pass outwards, and open 
freely to the exterior. The tubuli are large and smooth, their 
walls are thin, and the internal lumen comparatively wide. There 
is no indication of radial development, save in one anomalous 
specimen, which remains unexplained, wherein is found a ring 
of large, stout, radial tubuli, developed on the interior surface, 
that is to say centripetally, thus diminishing the size of the 
internal cavity. This compact palisade-layer is formed by the 
ingrowth of the terminations of investing tubuli. It is filled 
towards the interior by very dark granular contents, and may 
represent a senile phase of radial development, comparable to that 
in S. compactum, or tubulatum. The sporulation is typical and 
does not seem to be connected with this unexplained centripetal 
growth. A second form of pachyderma occurs, in which the invest- 
ment of tubuli is much looser, the interstices being occupied by 
connecting fibrils. 

From the above account it will easily be perceived that the 
divergence between the type of the first three species—which we 
may call the “elegans-type ”—and that of the last three, or the 
“nachyderma-type, is very considerable, and hardly compatible 
with their inclusion under the same generic title. Acting on this 
consideration, it is perhaps not too much to suggest that the three 
species cellulosum, asteroides and pachyderma be provisionally 
separated from Sporocarpon under the generic title of Pericho- 
derma. 

To justify such a division it must be recognised that each 
“genus,” Sporocarpon and Perichoderma really stands for a family, 
or group of genera, whose species it 1s impossible to separate in 
fossil forms. At the same time each “species” may be safely 
considered as containing not more than one actual genus, because 
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in these minute creatures small differences of form are more con- 
spicuous and easily recognisable than in higher organisms, known 
only in isolated sections, and in consequence, genera become 
distinguishable without difficulty. Even if the separation of 
Perichoderma from Sporocarpon be adopted, the three forms 
remaining in each genus show greater divergences than would be 
compatible with inclusion within a single genus of recent Rhizo- 
pods, but to pursue the subdivision to its logical extreme would, 
apart from its impossibility, be utterly inconvenient and without 
any compensating theoretical value. 

The separation of Perichoderma serves to segregate two groups 
of forms which do show strongly marked differences of character, 
without incurring the confusion of a needless multiplication of 
names. 

The “elegans-type” has the priority in the genus Sporocarpon, 
therefore it is that the “pachyderma-type” receives the new name. 


Fig. 4. The three species which it is proposed to separate from Sporocarpon. 
A. Perichoderma (Sporocarpon) asteroides. B. Perichoderma cellulosum. 


C. Perichoderma pachyderma. The investment of tubuli is commonly 
much thicker than is represented in the figure. 


Two objects which Williamson described as belonging to 
Sporocarpon, under the respective names of Sporocarpon ornatum 
and S. anomalum, are now known to be transverse sections of 
Pteridospermic seeds, the first, ornatum, representing Physostoma 
elegans. and anomalum some other, not precisely ascertained. 

The third genus of the group—Zygosporites—is much smaller, 
both in number of species and dimensions than either of the 
preceding genera, and it is at the same time of a more dubious 
character. 

These organisms have been claimed at various times to 
represent the megaspores of some vascular cryptogam, the 
zygospores of Zygomycetes, and the zygotes of Desmids. 
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Regarding the first alternative it is sufficient to refer to the 
remarks at the commencement of this paper, and to Mrs Scott’s 
paper on Traquairia* wherein were advanced arguments against 
such a conclusion. 

The second is a more plausible alternative. Van Tieghem 
describest+ the formation of the zygospores in Phycomyces nitens 
which show very distinct points of analogy with Zygosporites 
brevipes. Indeed there can be no doubt that such structures do 
occur in the coal-balls, and that in no small number. Excellent 
specimens have been found in which the suspensory hyphae are 
still obviously attached to the zygospore. It is unfortunate that 
these should be of such a similar character to true Zygosporites, 
for they are very easily confused with them. At the same time, 
although superficially similar, they are distinguishable under 
a critical examination, and it may still be maintained that there 
exists a true individual organism, corresponding to the type of 
Zygosporites which is never found in attachment, and which is 
separable from all similar reproductive organs of cryptogamic 
plants. In regard to the third suggestion of their nature—that 
they are the zygotes of Desmids, it may suffice to say that there 
is no reason why the resistant membranes of the parent plants, 
which must have been very numerous, should not also be found. 
No such discovery has ever been reported from these rocks. 

Of true Zygosporites there are found three main types with 
minor forms, differing in greater or less degree from the type, 
which can hardly be considered as distinct species. ~ 

Zygosporites brevipes. 

Here we are dealing with an obviously unicellular structure, 
for the entire organism consists of a single spherical cell, enclosed 
in a smooth wall, there being no outer test, except a pellucid 
outer membrane which may be the analogue of the structure 
that becomes elaborated into the highly complex outer wall in 
the preceding genus. 

The sphere wall in Z. brevipes is produced into a number of 
short hollow spines, the lumen of which is freely confluent with 
the central cavity of the sphere. These spines taper towards their 
outer extremities, and terminate in a tuft of tiny branches which 
are hollow and open to the exterior. This open character at once 
distinguishes them from zygospores, in which the radial outgrowths 
consist of solid ramenta, formed from the spore wall and containing 
no permanent lumen, comparable indeed, to the episporic out- 
growths found upon the megaspores of some Lepidodendra. In 
Zygosporites the spine walls are in no way differentiated from the 
sphere wall: both are smooth and of an equal thinness. The spines 


* Annals of Botany, vol. xxv. April, 1911. 
+ Annales des Sciences Naturelles, Sér. v. Tom. 17. 
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are not more than }—4 of the sphere-diameter in length, and quite 
stiff. They project through the outer pellucid layer, which is 
frequently weathered off. 

Zygosporites brevipes is very plentiful indeed, and a large 
percentage of fossil sections show one or more specimens of it. 
It is not uncommonly found in groups of 3—6. There occur 
several varieties of the type, which are of greater or less size as 
the case may be, differing also in the number and thickness of the 
spines. 

One variety, which shows a longer spine than the ordinary, 
while distinguished from the next species by the greater size of 
the sphere, was humorously named by Williamson Zygosporites 
brevipes, var. longipes. There exists also a variety in which the 
spines do not branch, but taper to a sharp point. A thin membrane 
lining the interior cavity, and faint remains of sporoids have been 
detected in a few instances. 

Z. longipes. 

This is distinguished from the preceding form by its much 
smaller size, and the great development of the arms. In Z. brevipes 
the spines are mere appendages of the sphere, while here, the 
sphere becomes subsidiary to the spines, whose bases cover such 
a large area that they give the central body, in transverse section, 
quite a polygonal outline. These long arms branch at their 
extremities in exactly the same way as in Z. brevipes, but they 
are much thinner in proportion to their length than in that 
species. No capsule or other contents have been seen. This 
species is much less common than the above. Although sus- 
piciously like a zygospore in appearance, it has never been found 
with any organ of attachment, and as a fairly thick fossil section 
includes the whole organism, there would seem no reason why 
such an organ should not be discoverable, if present. 

Z. oblongus. 

Here is a striking departure from the spherical form so common 
in the rest of the group; Z. oblongus being, as its name implies, 
elongate in shape, forming a cylinder with rounded ends, rather 
like a short thick sausage. The wall is smooth and dark brown, 
as in the other species, and the radial processes (they can hardly 
be called spines) evenly distributed all over. They are very short 
indeed, and broad, being little more than triangular punctures in 
the wall with outwardly turned edges. Sometimes they may 
divide into two or three segments but do not branch in any 
decided way. (In transverse section they give to the outline of the 
organism something of a castellated appearance.) No attachment 
has been found. 

One example has shown some disorganised contents, but no 
regular capsule is preserved. 
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We now pass on to the last genus which undoubtedly falls 
within this group. The genus Oidospora, founded by Williamson, 
im company with Sporocarpon and Zygosporites, contains only one 
species. It is by far the smallest of any of the organisms previously 
described, being only about 05 mm. in diameter. Only three 
slides have been available. Two are in the Williamson Collection 
in the British Museum, in one of which it occurs in extraordinary 
abundance, and the third is in the University College Collection 
in London. 
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Higeros 
A. Zygosporites brevipes. Internal membrane dotted. 
B. Zygosporites longipes. 
C. Zygosporites oblongus. Longitudinal section. 


Ordospora anomala. 

A minute form recalling several species of Sporocarpon, with 
which, but for the difference of size, it would naturally be classed. 
It consists of a central cell, which is bounded by a single layer of 
large contiguous vesicles about equal in length to the diameter 
of the sphere and very much rounded off at their outer extremities. 
There is no sign of any perforation between central cavity and 
exterior vesicles, the division being effected by a thin wall. No 
contents have been discovered in the vesicles, and only faint 
traces of membrane in the central cavity exist to represent the 
capsular contents. 

In the University College specimen, two appear to have 
grown together, but this is unique among the extant examples. 
Decidedly the organism was gregarious, to judge from the 
numbers discovered in Williamson’s slides, although the colonies 
seem to have been few and far between. 

It is just possible to refer briefly to the fifth genus, investi- 
gations upon which will be published later. This is a form 
described also by Williamson under the name of Calcisphaera, from 
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a Carboniferous limestone, sent to him by Mr Siddall of Chester. 
It occurs in vast numbers in this limestone, which comes from 
Rhydymwyn near Mold in N. Wales, and, distinctively from its 
allied genera, is calcified. Whether this calcification be original 
and vital, or secondary in origin remains to be seen. There are 
many species, all characterised by the same radial symmetry and 


Fig. 6. 
A. Section of Oidospora anomala. B. Calcisphaera cancellata. 
C, OC’. Calcisphaera fimbriata? D. Calcisphaera spinosa. 


the fenestrated or perforated test which is so constant a feature 
throughout the group here described. Similar forms also come 
from the Devonian Corniferous limestone of Kelly’s Island, U.S.A. 

To the kindness of Mr J. D. Siddall, I am indebted for the 
loan of his original preparations of Calcisphaera, work on which 
may bring to light some features of interest, in comparison with 
the Foraminifera and the Radiolaria. 

Figure 6 above shows one or two forms sketched from these 
preparations, showing the imperfect nature of their preservation, 
and the similarity of the general form to that prevailing among 
the Traquairidae. This imperfection of outline strongly suggests 
that replacement of the original substance by secondary calcite has 
taken place. Sollas* records that in sponge-spicules which have 


* Q. J. G. S. vol. ty. 1899. 
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been secondarily altered into calcite, the whole outline becomes 
indistinct, as in this case. 

It is noticeable that some species of Calcisphaera have ieft 
carbonaceous remains (C and D, fig. 6) which suggests that they 
too may have been chitinous in life. 

This leads us to an interesting speculation regarding the 
origin of the group. Dixon and Vaughan* have shown that the 
Radiolarian-chert, and Modiola phases of the Lower Carboniferous 
succession of South Wales, in which Calcisphaera also occurs, are 
to be regarded as deposited in large coastal lagoons, kept from 
undue concentration in the sun’s heat, by the access of fresh land- 
water. 

Now Radiolaria do occur in such situations, as is evidenced in 
the account of a littoral plant deposit of Gondwana age, given by 
Dr Coomaraswamy +, in which deposit Radiolaria occur among the 
plant impressions, in a fine-grained and thin-bedded mudstone. 
If therefore Calcisphaera were originally siliceous, before the 
replacement of the silica by calcite, it may well have been a 
development from true Radiolaria becoming adapted to brackish 
waters. 

If the example of the Miliolidae be of any weight, a decrease 
in the freshness of these littoral waters might lead to the partial 
adoption of a chitinous structure, as evidenced in the carbonaceous 
nature of some Calcisphaera remains, finally resulting in a com- 
pletely chitimous habit, and complete adaptation to the fresh 
land-waters. 

The existence of the other Traquairidae in the coal-balls of 
the Upper Carboniferous, seems to indicate that these chitinous 
forms attained their hemera in the vast swamps of the Coal 
Measures, and died out when these passed away. 

Although much of the above is purely suppositious, yet it is 
at least coherent, and conformable to the existing state of know- 
ledge. For this reason it is tentatively advanced; merely as a 
possible suggestion, for further investigations to confirm or 
disprove. 

In conclusion I wish to express my indebtedness to Profs. 
F. W. Oliver and A. C. Seward, and to Profs. Garwood and 
McKenny Hughes, for their interest and assistance, in the further- 
ance of work upon these organisms. To Dr Bather of the 
British Museum, S. Kensington, I am also under obligations 
for permission to examine and photograph specimens in the 
Williamson Collection. 


* On the Carboniferous succession in Gower,” Q. J. G. S. Nov. 1911. 
+ Geo. Magazine, 1902, p. 306. 
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The Quantities of Radium and Thorium Emanations contained 
in the Air of certain Soils. By JOHN SaTreRty, D.Sc. (Lond.), 
M.A., St John’s College. (Communicated by Professor Sir J. J. 
Thomson.) 


[Read 11 March 1912.] 


IN a previous paper* the author described some experiments 
made to measure the amount of radium emanation in the air 
of soils. The air is abstracted by means of an aspirator and a 
narrow pipe let down into the soil. When sufficient air has 
been collected it is passed into a testing vessel and the radium 
emanation estimated from the electrical leak produced. Detailed 
work was carried out with four pipes, three of them—those at the 
Cherryhinton Chalk Pit, the Observatory drive, and in a lawn in 
the town of Cambridge—going to a depth of 106 cms., and the 
fourth—that in the court adjoining the Cavendish Laboratory— 
going down 152 cms. 

The experiments have now been carried on throughout a whole 
year, and the results are given in Table I. The monthly means 
are given for each pipe. For the first three pipes about three or 
four readings were taken each month during the first six months 
and only one a month during the rest of the year. The Cavendish 
pipe averaged about ten readings a month, except for Sept., 
Dec., Jan., Feb., when only about three readings a month were 
taken. 

The numbers quoted are the leaks (in cms. of the electrometer 
scale per minute) produced by the emanation contained in 3 litres 
of soil-air, all being reduced to a common sensitiveness of the 
electrometer. 

Previous experiments+ have shown that a leak of 1 cm. per 
minute would be produced by the amount of emanation in equi- 
librium with 13 x 10-" gm. of radium. It is therefore an easy 
matter to convert the last three lines of the table into the 
emanation content expressed in curies, the curie being that 
amount of emanation which is in equilibrium with 1 gm. of 
radium. 

The results are shown in the following Tables. 


* Prec. Camb. Phil. Soc. vol. xvi. 
+ Ibid. vol. xv. 
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TABLE I. 
Shrubbery of Lawn in court 
1911 Chalk Pit at | Drive leading Lawn at adjoining the 
al Cherryhinton, up to the 104, Mawson Road Cavendish 
1912 near University in the town of Laboratory, 
Cambridge Observatory, Cambridge New Museums, 
Cambridge Cambridge 
March te 49 | 50 30 
April Ls -= 14 24 
May — 43 13 52 
June 19 4] 83 44 
July — 34 67 69 
Aug. 9 28 59 52 
Sept. 12 53 63 30 
Oct. 21 64 76 32 
Nov. 14 78 94 27 
Dec. 21 67 59 19 
Jan. — — — 30 
Feb. 27 51 18 35 
Mean 17 pl 54 37 
Highest 
single 27 (Feb.) | 78 (Nov.) 94 (Nov.) 78 (July) 
reading 
Lowest | 
single 7 (May) | 25 (June) 13 (May) |: 29 (Nov.) 
reading 
TABLE II, 


Amount of Radium Emanation per litre of soil-air. 
Emanation expressed in curies x 10-*, 


Lawn in Lawn 
Cam- | adjoining the 
bridge Laboratory 


Chalk | Observatory 
Pit Grounds 


Mean for the year ...... 74 220 230 160 
Highest single reading... | 120 340 410 340 
Lowest single reading ...| 30 110 57 40 
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The average of the means for the year of the last three columns 
is 200, i.e. the emanation content of soil-air is 200 x 10-® curie 
per litre of air. In comparison with this Prof. Joly* gets about 
200 x 10-" for the air from about 100 cms. down in the Park 
of Trinity College, Dublin (calcareous soil), and Mr Sanderson + 
gets 240 x 10-” for the air from about 120 cms. down under the 
basement of the Sloane Physical Laboratory at Newhaven, U.S.A. 
(soil of disintegrated sandstone). The average value of the emana- 
tion content of atmospheric air is about 0°1 x 10—” curie per litre, 
so that soil-air is about 2000 times as rich in radium emanation 
as atmospheric air. 

It will be noticed that there are great fluctuations in the 
amounts of emanation obtained from the same pipe at different 
times. The search for a correlation between these and weather 
fluctuation has been described in the previous paper. The only 
pipe which gave any correlation was that in the court adjoining 
the Laboratory; it always gave low results after rain and high 
results in fine weather. The readings from this pipe in January 
when the ground was covered with 10 cms. of snow, and also 
during the severe frost of Jan. 283—Feb. 6 were not abnormal. 

It remains now to connect the emanation content of soil-air 
with the radium content of the soil. To do this it is necessary 
(1) to know the relative volumes of air and soil in order to find 
what weight of soil is associated with a given volume of air, and 
(2) to know the relative weights of dry soil and water in the 
naturally occurring damp soil. 

The experiments made to determine these factors are of 
necessity only very approximate. A cylindrical earthenware pot 
_of capacity 800 c.c. was used to hold the earth, and a tall glass 
cylinder of 2 litres capacity was used as a mixing vessel. A litre 
of water was poured into the latter and the height of the water 
marked with stamp paper. A further 800 c.c. water was then 
added and the height again marked. The cylinder was now 
emptied down to the litre mark. The earthenware pot was now 
filled with soil level with the top and this soil emptied into the 
litre of water. The mixture was thoroughly shaken to expel all 
air. Finally water was poured into the cylinder from a graduated 
vessel to bring the water level up to the 1800 c.c. mark. The 
volume of the water required for this is equal to the volume of the 
air contained in the potful of soil. 

The soil was taken from a heap in one of the courts of the 
New Museums. It was poor garden soil, some shingle, but little 
organic matter. Rain had fallen recently (time of year, 1st week 
of March) so that the soil was quite damp. Two experiments were 


* Joly and Smith, Sci. Proc. Roy. Dub. Soc. Aug. 1911. 
+ Sanderson, Amer. Jour. Sci. Sept. 1911. 
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made: (a) when the soil was rammed tight in the pot, (b) when 
the pot was loosely filled and just shaken down. 

Another batch was dried on an iron plate over a burner 
and the experiments repeated with the dry soil. The following 
are the results, those for damp soil being the mean of three 
experiments. 


TABLE IIT. 
Be cee Percentage 
Veight Total Volume | volume of 
of f the whol 
Soil Volume Air Saoiplad 
| by Air 
Damp {(a) tightly packed | 1410 gms. | 800c.c. | 100 12 
Soil \() loosely packed | 930 ,, | 800 ,, 350 44 
| Dry f(a) tightly packed | 1090 ,, | 800 ,, 375 47 
Soil |(4) loosely packed | 880 ,, | 800 ,, 440 55 


The estimates of the specific gravity of dry earth worked out 
from the two experiments quoted above are 482° and §89 respec- 
tively, 1e. 2°45 and 2°56, with a mean of 2°5 very nearly. The 
specific gravity may now be used to effect the analysis of damp 
soil into dry earth and water. Taking the case of the tightly 
packed soil, if W is the weight of dry earth and w the weight of 
water in 1410 gms. damp soil we get 


W gms. + w gms. = 1410 gms., 


we cc. +w ec. = 700ce., 
2°5 

whence W=1180 gms. and w= 230 gms. For the loosely packed 
soil W’= 800 gms. and w’=130 gms. These give 84 and 86 as 
the gravimetric percentages of dry earth in damp soil, a mean 
of 85 °/,. 

The gravimetric and volumetric analysis of damp soil into the 
three elements—earth, water, and air—are stated in Table IV. 

The soil around the bottom of the pipes will be damp and 
tightly packed, hence we may assume that 12°/, of the total 
volume is air. If we assume that air is supplied to the pipe 
equally from all directions it follows that the radius of the 
sphere of collection when 3000 c.c. of air is drawn up the pipe is 
given by 

4a (radius)® x #2, = 3000. 
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TABLE IV. 
Tightly packed damp soil 
Composition Composition 
by volume by weight 
Farth ... | 59 85 
Water... | 29 15* 
Aah peal | 12 _ 
100 100 


This radius is just over 18 cms. so that the sphere of collection is 
well below the surface. 
A litre of soil-air is in association with 


1009 x 1410 gms. damp soil, 
or 14100 x 84, gms. dry soil, 
Le. 12000 gms. dry soil. 


Its emanation must therefore be obtained from the radium in this 
soil. The amount of radium required per gm. of soil in 12000 gms. 
dry soil to keep the emanation content of the air up to 200 x 10” 
curie is 
200 x 10-3 
Po tae 
or PT 10m: 


This is probably about one-seventieth + of the amount of radium 
actually present in a gm. of soil (mean value of radium content of 
sedimentary soils = 1:1 x 10-" gm. per gm. of soil}). Sanderson, 
working with the sandstone soil mentioned above (37 °/, air), 
obtains 9 x 10-“ as the equivalent radium content in gm. per c.c. 


* A set of experiments in which damp soil was dried by being heated on an iron 
plate over a burner gave a loss of 18°/,; a part of this loss, however, may be due 
to destruction of organic matter. 

+ In Proc. Camb. Phil. Soc. vol. xv1. I found that a damp soil in a bottle 
contributed emanation corresponding to about one-sixth of its radium content. 
In this case the soil was subjected to a reduced pressure when its emanation was 
removed to the testing vessel, and this might account for the greater amount 
of emanation removed in this case than in the gentler method of water aspiration. 

+ From the work of Strutt, Joly and others. 

§ Loc. cit. 
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of earth, or approximately 3x 10-“ gm. of radium per gm. of 
earth. 


Very deep Pipes. 


In November two pipes were inserted in the lawn outside the 
Laboratory to depths of 340 cms. and 420 cms., ie. much greater 
than before, in order to test whether the emanation content of 
the soil-air was greater at greater depths. The 340 pipe gave 
an average leak of 86 for three readings, and the 420 pipe an 
average of 60 for four readings (variation from 84 to 22), so that 
no decisive results were obtained. 


Relative Amounts of Radium and Thorium Emanation 
un the Sorls. 


When the testing vessel used by the author is rapidly filled 
with air containing radium emanation, and the electrical leak 
observed, the variation of the leak with the time is as shown 
in fig. 1. Initially the leak is simply due to the emanation 
breaking up. At once Rad. A, B, C, etc. begin to accumulate 
and also to disintegrate, and the conductivity of the air rises. 
At an interval from 10—20 minutes after filling the vessel there 
is a temporary maximum (due to Rad. B being rayless), after 
which the curve goes on rising for 3 hours when Rad. A, B, C 
attain equilibrium with the emanation present. The curve then 
bends over and finally drops exponentially, obeying the decay law 
of radium emanation. 

The curves obtained by the author were got by drawing air 
out of the soil, letting it stand for a while to allow the thorium 
emanation to decay to an infinitesimal amount, and then rapidly 
filling the vessel with it. The average curve is drawn in three 
parts in fig. 1, RA is the curve for the first 12 minutes, RB the 
curve for the first hour, and RC the curve for the first 3 hours. 
The heights at the beginning, first maximum and second maxi- 
mum, are approximately proportional to 3, 4 and 5°5. Know- 
ing then the ordinate of the first maximum it is possible to get 
the initial ordinate by multiplying the former by 3 (73 more 
exactly). 

If the testing vessel is suddenly filled with thorium emanation 
the leak obtaimed gives a much simpler curve. Thorium emana- 
tion decays exponentially to half value in about 53 seconds. The 
next product Th. A has a half period of only ‘14 secs., while 
Th. B, which emits no a-rays, has a half period of 10°6 hours, and 
Th. C, which emits a-rays, a half period of 55 mins. In less 
than a second, therefore, Th. A is practically in equilibrium with 
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the Th. emanation, and the two decay together to half value in 
about 53 seconds. The growth of Th. B and Th. C is relatively 
small, so that the observed curve is practically a simple exponen- 
tial curve with half value 53 seconds, followed by an almost 
negligible portion going to half value in a much longer time. 


Leak in cms. per minute. 


/ — Aflscissae —p— Jor curve Re-S Hours 

O Viinules 
4 6 & /0O 12. linules 

Middle row of abscissae relate to RB, bottom row to RA. 


Fig. 1. Curve showing the variation with time of the electrical leak in a vessel 
containing air and a little radium emanation, the normal air leak being deducted. 


If the testing vessel is suddenly filled with a mixture of radium 
and thorium emanations the curve obtained for the leak is the 
sum of the curves obtained for the two leaks. The shape of the 
curve depends on the relative proportions of the two emanations, 
but it will always contain an initial steep part due to the decay 
of thorium emanation, followed after the elapse of 10 minutes or 
so by the gradual rise due to the growth of the radium active 
deposit. Fig. 2 shows a possible curve. From the ordinate of the 
point A we can, by utilising the results from the curves in fig. 1, 
obtain the initial ordinate OR due to the radium emanation, 
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whence it follows that the remaining portion RT of the initial 
leak is the initial leak due to the thorium emanation. The initial 
curve of growth RH of the radium emanation can also be calcu- 
lated from RA (Fig. 1), and it will be found that the ordinates of 
the curve 7H, measured from RH, drop to half value in 53 seconds. 


Leak. 


Time, in minutes. 


Fig. 2. Curve showing the variation with time of the leak in the testing 
vessel when the air contains radium and thorium emanations. 


Calculation of the Relative Amounts of Radiwm and Thorium 
Emanations from the Ratio of OR to RT (fig. 2). 


Let V,, N; be the initial amounts of radium and thorium 
emanations present, and ,, A; their radio-active constants. The 
rates at which the emanations break up are A,V, and ,N; 
respectively. The ionisation produced by the radium emanation 
break-up is due to the expulsion of one a-particle per atom of 
radium emanation breaking up, but the ionisation produced by 
the break-up of the thorium emanation is due (owing to the 
short life of Th. A) to the expulsion of two a-particles per atom 
of thorium emanation disintegrating. The ionising powers of all 
these a-particles have not been measured up to the present, so 
that we will assume as a first approximation that they are equal, 
whence we get 

AN, OF 
2 OE Me ar Lp 
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Niue eon 

and thus NV, = Vi ° RT 
_,l31x107 OR 
= POS See 


The value of the ratio OR has been determined for the air 


RY 
drawn up the pipes mentioned in my previous papers. The pipes 
go down to the depths mentioned in Table V. A is a much 
wider pipe than the others; these are 7 metres long and 24 mm. 
internal bore. A is in soft garden soil; B, CO, D, G are in the 
(rolled) lawn. 

It is not possible to fill the vessel instantly. With the pipe A 
half a minute was required, with the others up to three-quarters 
of aminute. The point 7 therefore of fig. 2 is not well defined. 
The gas rushes in fastest when communication between vessel 
and pipe is first opened up, so I have taken 7 half-way in time 
between the times of opening up communication and the time 
when the vessel was practically full. The readings of the leak 
were begun as soon as possible—almost as soon as the vessel was 
filled. 

A slight error in the relative amounts of the emanation will 
be caused if the air already in the pipe is passed into the vessel. 
For this air contains nearly its share of radium emanation, but far 
less than its share of thorium emanation. To remedy this a gentle 
stream of air was in some cases kept going through the pipe 
before connection to the testing vessel was made. 

It was also found that when the vessel was very rapidly 
filled with gas (filled in 10 seconds, say) through short lengths 
of rubber or glass tubing, or through the calcium chloride 
drying tube, the gas became intensely ionised, and this ionisation 
gave a leak in the testing vessel which, in some cases, did not 
decay to zero for some minutes. Its decay was faster than that 
of thorium emanation and its presence would have been fatal to 
any accuracy in my experiments. To get rid of this effect a strong 
electric field was applied to the gas before entering the vessel. 
The field was set up between two concentric brass tubes 25 ems. 
long, and 24 and 2°5 cms. in diameter. The air passed down the 
annular space between the tubes. The outer tube was earthed 
and a potential of 320 volts applied to the inner tube. Even with 
this field on the ionisation just mentioned reached the testing 
vessel when the rush of gas was very large. With along “compo” 
pipe, similar to the pipes used to get the air out of the soil, 
hanging with its free end in the air, the effect was not noticeable 
even when the electric field was not applied. The addition of this 
pipe to the calcium chloride tube increased the time of filling from 
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¢ minute to $ minute. The effect seems to depend largely on the 
velocity of the air stream filling the testing vessel, and the long 
lengths of compo pipe used seemed sufficient to reduce the velocity 
below that which caused this secondary ionisation. 

Table V. gives the results, and figs. 3, 4, 5 the curves obtained 
in three of the cases. In those diagrams the height of the hori- 
zontal line OL represents the normal air leak taken just previous 


TABLE V. 
Initial 
Tnitial First Thorium 
Date | Radium | observed | Emanation 
Pipe 1911 and | Emanation | Thorium leak (correct- OR 
1912 | leak Emanation | ed for decay RT 
OR leak during filling | 
| of vessel) RT 
ee aBeb:.15)|) «2 25 32). 
(60cms.) || i, a 2 22 5 OE aes 
Nov. 15] 15 21 oo 
B Dec. 10 9 20 27 | 
4 Dec. 11 19\- 14 20 Sot io2 | peace 
Bee) Dac, 90| 12 24 33 ts 
Feb 12 | 14 24 33 
gc _|{ Feb. 26] 18 17 21 
(152 oD ys a8 ul! 14 16 24} 21 | 44='67 
=o. 7 | \ Mar. 5) °9 13 19 | 
| Mar. 10| 40 26 38 401.0 
| | 
ee ent), eye | 18 | oye ee 
|(420ems, \ Mar. 10/ soy 48 20 35} 23 (eee 
| 


to filling the vessel with the soil-air. The short horizontal lines 
give the average leaks over the interval of time indicated by 
their lengths. The curve 7HA is drawn as closely as_ possible 
through the middle point of these lines. The dotted vertical 
lines with numbers affixed show how nearly the time of decay 
of the curve HT agrees with that of thorium emanation. The 
shaded column represents in width the time required to fill the 
vessel. The line OZ is drawn up the centre of this column. 
The position of 7 was obtained by the joint method of continuing 


35—2 
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the thorium emanation curve backwards, and by making RT equal 
to twice the intercept of the vertical line between HT and HR 
taken a little less than a minute later. 
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Fig. 3. 
Applying the formula 
Nr _g < 131x107 OR 
Ne 208 xA0* ae 


to the mean values of the ratio ee given in the last column of 


Table V. we obtain the following numbers for the ratio of the 
amount of radium emanation to the amount of thorium emanation. 
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The ratio increases rapidly as the depth increases. 

It is now possible to get an estimate of the relative amounts 
of radium and thorium in the soil, or at least the relative amounts 
of radium and thorium that contribute emanation to the air in 
the soil. 
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Let NV, and NV; be the amounts of radium and thorium in any 
given quantity of soil, and Ap, Az the radio-active constants of 
radium and thorium. ‘Then if V,, NV; are the amounts of radium 
and thorium emanations in the same quantity of soil we get 


9 Tf ay el 
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Take the air in the soil around the pipe C (for which the mean 
value of the radium emanation content is given in Table I) then 


OR 14 
RT 91 (Table V.) 5 
Ve OG La 
Noi elo 

Sanderson* gets 7 x 10-* for this ratio, working with a pipe 
going 130 cms. deep. 

If further we assume that the mean radium content of the 
soil is 1'1 x 10-” gms. per gm. it follows that the thorium content 
of the soil is 

LA lee 
Sx LO 
This is about the right order, whence it seems that the two 


emanations have equal chances of escaping from their source in 
the solid particles to the air around these particles. 


=8x10- 


=14x 10 gm. per gm. 


EXAMINATION OF VARIOUS EARTHS. 


In the above experiments the air was drawn out of the soil 
and in the soil the emanations are in radioactive equilibrium with 
their sources. A series of experiments has also been carried out 
in which the soils were confined in bottles. At intervals extending 
over some days a bottle was taken and connected up through a 
calcium chloride tube to the testing vessel which had been pre- 
viously exhausted. The clips were then opened and air rushed 
through the bottle carrying its gaseous contents into the testing 
vessel. The leaks were then taken as described above and the 
values of OR, RT, AL (see figs. 1—5) calculated from the curves 
obtained. | 

If the period of resting is greater than ten minutes the thorium 
emanation will have attained radioactive equilibrium but the 
radium emanation requires nearly a month to reach the steady 
state. Knowing however the time of resting it is possible from 
the amount of emanation accumulated to calculate the equilibrium 
amount. 

Sometimes three “sweep-outs” were made on the same after- 
noon in order that all the emanation that had accumulated should 
be swept out. It was found that quite a measurable amount of 
radium emanation was obtained at the second and third times 
showing either that the first sweep-out was not exhaustive or else 
that, in the interval between two sweep-outs, radium emanation 
that had originally been occluded in the particles had, on account 


* Toc. cit, 
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of the diminution of its partial pressure in the air, escaped from 
the solid into the air. The total amount of radium emanation 
collected on the same afternoon was taken as the accumulation 
since the last day on which the gas had been removed. Unfor- 
tunately any thorium emanation left behind at the first sweep-out 
cannot be recovered in a second sweep-out for it.will have decayed 
to a negligible amount. The amounts of thorium emanation 
obtained in each sweep-out should be the same, for its equilibrium 
amount is quickly reached. 

It was observed that the radium emanation removed by the 
sweep-out method was usually less than that obtained in the 
former experiments* in which a partial vacuum was applied to 
the contents of the botile. 

Four varieties of earths have been tried: gault (from the 
Newmarket Road pit), chalk (from the upper pit at Cherryhinton), 
soil (from just below the surface in the court of the museum 
adjoining the laboratory), and silver sand. They were all in a 
dry state, the gault had been lying openly in the laboratory for 
some months and the others were dried over a burner. The 
silver sand had been previously washed. The chalk and soil were 
sifted through a sieve of 9mm. mesh; the gault was in slightly 
larger fragments. 

The results obtained for gault are given in Table VI. 

The mean equilibrium values for the sweep-out readings are 

AL=15, “Oh is, xan 1) Rae 

We have, therefore, for gault 


N. et xlos2 i 


(1) Ale 2 xX 08 x 10-8 * 25 = 5400. 
(2) Apparent radium content 
1 = 107-2 
ees co roe ‘10 x 10-” gm. per gm. 


(3) By using the formula 
Nr LAO AA 
Nal bees ee 


we get 
Apparent thorium content = ‘2 x 10~° gm. per gm. 


By previous chemical treatment followed by ionisation analysis 
Struttt found the radium content of Cambridge gault to be 
1x10" gm. per gm. Similarly Joly§ found the thorium content 


* Proc. Camb. Phil. Soc., vol. xvi. pp. 348—354. 

+ See p. 519. 

+ Proc. Roy. Soc., 78 4, 1906-7. Results corrected by Eve. 
§ Phil. Mag., Aug. 1910. 
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of clays of various natures to average 1 x 10° gm. per gm. The 
results that I have obtained show that only a small proportion of 
the total emanation generated in the gault reaches the air 
surrounding the particles. 


TABLE. Vi. Gault: 


A bottle of volume 1790 cc. was filled with 1940 gms. of dry 
gault. Volume of air left in bottle 1200 cc. 


| Page 
| value of AL 
calculated 
Period of from the ob- 
Date Accumula- served value 
1912 | tionin ie Remarks AL | OR aE and the 
days | growth curve | 
of radium 
emanation 
Jan. 3 = Filled and well ex- 2 2, 23 
hausted. ‘Tested 
| half an hour later. 
sp 19 16 Only swept out once 1 Ber, 8:5 | 25 
») 22 3  |Swept out three} (1) 5:1 3°8 29 
times in same| (2) 1°9 14] 25 
afternoon (C) 3 | 26 
Total in 19 days A 10-7 15-0 
Feb. 21 30 | Swept out three | (1) 11:8 8-9 | 23 
3 times in same|(2) 2:7 2-0 30 
afternoon (3) 6 a5; 29 
Total 15:1 11-4 15-2 
Mar. 21 29 Swept out three} (1) 9°5 8:0 | 22 
times in same (2) 2°6 2:0 | 25 
afternoon (3) 1-4 1:0 We 
Total Nese One femelle) BsF/ 
ea) Volume of air left Mean} 25 15 
in bottle found* — os 
ea 4 Radium emanation | (1) 6:0 
accumulation test- | (2) ‘6 
ed as in previous a 
paper*. Second 6°6 15-7 
result got an hour —— 
later 


* Proc, Camb. Phil. Soc., vol. xvi. pp. 348—354. 
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TABLE VII. Chalk. 


A bottle of volume 4090 c.c. was filled with 4140 gms. of dry 
chalk. Volume of air left in bottle 2640 c.c. 


Equilibrium 
value of AL 
. calculated 
D i erlod ws from the ob- 
ate eas Remarks AL OR | RT | served value 
1912 tion in | and ihe 
8 | | growth curve 
of radium 
| emanation 
pare 
Jan. 3 — Filledandexhausted 
wiper 28 Twosweep-outsmade| (1) 3°0 | 2:1 4:0 
(2) E19 25 
Total A ek 
Feb. 27 27 Swept out; not tested 
Mar. 18 20 Only one sweep-out 2:9). (Del 7:0 
made 
le 1 Three sweep-outs| (1) 15 | 1:1 75 
made on same day | (2) °5 “4 4:0 
andalsoaslight ex- | (3) 2 "2 2-0 
haustion applied — 
Total for 21 days 47 | 3-4 
x boo 1 Three sweep-outs| (1) ‘6 | ‘4 2°5 
made (2) 2 2 2°5 
(3) -0 ‘0 2°5 
Total 8 6 
R23 =e | Solameyet ipa tere Mean |) a 
in bottle found ) — 
ae 2 | 4 Radium emanation 27) — — 


accumulation test- 
ed as in previous 
paper ; one exhaus- 
tion only 


The mean equilibrium values for the sweep-out readings are 
AL=46, OR=3-4, RT =4, whence we get for chalk 
N. 
1) ~*=11000. 
Q) ¥ 
(2) Apparent radium content = ‘014 x 10-” gm. per gm. 


(3) Apparent thorium content = ‘01 x 10-° gm. per gm. 
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Strutt* found 12 x 10-” for the radium content of Cherry- 
hinton chalk and Joly* found < ‘05 x 10~-° for the thorium content 
of chalk from the Isle of Wight. Here again it is probable that 
only a small proportion of the emanation generated escapes from 
the solid. 


TABLE VIII. Earth from Court adjoining the Cavendish 
Laboratory. 


A bottle of volume 1710 cc. was filled with 2130 gms. of dry 
earth. Volume of air left in bottle 950 c.c. 


Equilibrium 
value of AL 
calculated 
Period of from the ob- 
Bere) wean |! ae | on |e Pore ins 
days growth curve 
of radium 
emanation 
Jan. 3 — Filledand exhausted 
Feb: | 29 Three sweep-onts | (1) 7°9 | 5:8 7 
made on the same | (2) 3:2 | 2-4 19 
day (3) 1:2 9 10 
Total 12258) 9-1 12-4 
Feb. 20 19 v (1) 88 6°3 6-5 
(2) 3:3 not taken 
(3) = 6 65 
Total 12°9 13°5 
Mar. 22 31 . (1) 8-4 6-1 5 
(2) 3:0 | 2:2 8 
(3) 1:5 lie! 6:5 
Total | 12°9 9- 13-0 
ae = Volume of air left Mean 8 13 
in bottle found. — =Sss 
ome x 4 Radium emanation (1) 7:3 | 
accumulation test- | (2) 1:0 
ed as in previous a 
paper. Two ex- & 16:0 
haustions made. 


* [oes crt. 
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The mean equilibrium values for the sweep-out readings are 
AL=13, OR=9'5, RT =9, whence we obtain for this earth 
(1) Ae 15000. 
Ni 
(2) Apparent radium content = "08 x 10-” gm. per gm. 
(3) Apparent thorium content = ‘05 x 10~ gm. per gm. 


For surface soil Sanderson* obtained ‘1 x 10-> for the thorium 
content. 


TABLE IX. Silver Sand. 


Quantity taken = 3500 gms. 
The equilibrium values obtained were 
AL—12, 0b os, hal = is 
whence 
| 1 De 6000 
(1) yf = 6000. 
(2) Apparent radium content = ‘004 x 10-" gm. per gm. 
3) Apparent thorium content = ‘007 x 10- gm. per gm. 
PP Sa 


For sand Sanderson* got <0:00 x 10 gm. per gm. for the 
thorium content. 

The above results were obtained by what may be called the 
statical method. Sanderson* used what may be called a dynamical 
method. The author hopes to apply soon this second method to 
the same specimens of earths so as to check the results already 
obtained. 


SUMMARY. 


1. The amounts of radium emanation in the air of different 
soils have been measured at intervals extending over a year. For 
depths of 100—150 cms. in gravelly soil the amount is, on the 
average, about 200 x 10-” curie per litre, or 2000 times as much 
as there is usually in the atmospheric air. 

2. Experiments showed that a litre of soil-air was in associa- 
tion with 14000 gms. of damp soil (12000 gms. when dry), whence 
the apparent radium content of the soil is 1°77 x 10~* gm. per gm. 
of (dry) soil. As the actual radium content is more likely to be 
seventy times it follows that little of the emanation generated 


* Loc. cit. 
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in the solid particles of the soil can escape under normal con- 
ditions into the air around them. This is a remarkable result 
and experiments on this point are being continued. 

3. The proportion of radium emanation to thorium emanation 
in soil-air has been measured for various depths, and the ratio has 
been found to increase from 1600 near the surface to 26000 at a 
depth of 400 cms. At a depth of 150 cms. it is 8600, whence 
taking the radium content of the soil as 11 x 10-” gm. per gm. 
the thorium content works out as 14x 10-°gm. per gm. This is 
of the right order. 

4. The amounts of radium and thorium emanations have also 
been measured for varieties of earths confined in bottles, also the 
equivalent radium and thorium contents of these earths. The 
results are at follows :— 


TABLE X. 


Ratio of amount of radium 


ORAS hee oT ae an ae Apparent radium | Apparent thorium 


thorium emanation content content 
gm. per gm, gm. per gm. 
Gault 5400 1010-2 2 "x LO=5 
Chalk 11000 7014 x 10°” O17 se 105 
Earth 15000 (OSieea Ome ‘Opes Ome 
Sand 6000 004 x 10°” 7007 x 10-5 


I wish to accord my best thanks to Prof. Sir J J. Thomson for 
his helpful advice. 
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On a theory of the ee distributed secondary Réntgen 
Radiation. By J. A. CRowTHEr, M.A., St John’s College. 


[Read 11 March 1912.] 


When Réntgen radiation falls upon a radiator it causes it to 
emit cathode rays in considerable quantity. Some of these escape 
from the surface of the radiator, but in most cases the bulk of the 
rays are stopped within the radiator itself. On almost any theory 
of Réntgen radiation the stoppage of these particles must give 
rise to a further production of Réntgen rays. So far as I am aware, 
however, this type of secondary Rontgen radiation does not seem 
to have been experimentally observed. 

In the course of some experiments on the distribution of 
secondary Rontgen radiation, it was found that the scattered 
radiation was not distributed symmetrically round the radiator 
as was to be expected on the ordinary theories of the phenomenon, 
but that there was always an excess of radiation in the forward or 
emergence direction as compared with that in the reverse direction. 
The fact that the return radiation followed very closely the distri- 
bution assigned to it on the usual theories of the scattering of 
Rontgen rays suggested that this excess forward radiation might 
be due to some other source other than the pure scattering of the 
primary beam. In the present paper I wish to consider the 
possibility of this excess radiation being due to the stoppage of 
the cathode particles in the radiator, to which we have already 
alluded. 

Before enquiring into the consequences of this hypothesis it 
may be desirable to summarise briefly the properties of this excess 
radiation as they have been so far determined. They may be 
expressed as follows. 

(1) Fora given radiator and for primary rays of given hardness 
the excess radiation in any direction is directly proportional to the 
thickness of the radiator. 

(2) The total excess radiation round the radiator decreases as 
the primary beam becomes harder, and increases with the atomic 
weight of the radiator. 

(3) Within the limits of experimental error the hardness of 
the excess radiation is the same as that of the primary from which 
it is produced. 
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(4) If £,.80 is the intensity of the excess radiation between 
the angles @ and 0+ 60 with the primary beam 


E,.80 = =) F050 Ulletar & han (ay: 


where # is the whole intensity of the excess radiation round 
_ the radiator, and b is a constant depending only on the quality of 
the primary beam and the substance of the radiator. 

(5) The value of b decreases as the primary beam becomes 
harder, and increases with the atomic weight of the radiator. It 
is independent of the thickness of the radiator. 

Let us consider each of these results separately on the hypo- 
thesis that this excess radiation is due to the stoppage within the 
radiator of the cathode rays excited in it by the incident primary 
beam. 

(1) Since the excess radiation arises from the transformation 
of the cathodic radiation, its whole intensity must be proportional 
to the total number of cathode rays stopped in the radiator. 
A certain quantity of these rays emerge from the radiator and 
thus do not add their quota to the secondary beam. The thick- 
ness of matter which can be traversed by a cathode ray is however 
so small that only the rays formed in the layer very near the 
surface of the radiator can thus escape, and these form, for any 
radiator used in the experiments, a very small fraction of the total 
cathode radiation. The number stopped may thus be taken as 
simply proportional to the number produced, that is to say, for 
primary rays of a given quality and a radiator of a given material, 
simply proportional to the intensity of the incident primary beam 
and the thickness of the radiator. 

(2) Considering rays of differmg hardness and radiators of 
different materials, experiments have shown that the production 
of cathode radiation decreases as the primary rays become harder, 
and increases as the atomic weight of the radiator is increased. 
We thus obtain the results enunciated in (2). The data available 
at present do not enable us to apply any numerical test to the 
hypothesis, but the general results are quite in accordance with 
what would be anticipated from the theory. 

(3) The hardness of a Réntgen pulse depends only on the 
velocity of the cathode ray from which it is produced. Whiddington 
has recently shewn that the velocity of the secondary cathode rays 
produced by the action of a given Roéntgen beam is exactly that 
of the primary cathode rays producing the primary Réntgen beam. 
It follows that the Réntgen rays produced by the stoppage of 
these secondary cathode rays should be of the same hardness as 
that of the primary Rontgen beam itself, as is found to be the 
case. 
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(4) We come now to the distribution of the excess radiation... 
This is a more difficult problem and wil] involve further assump- 
tions. The author has shewn in a previous paper that the distri- 
bution of a parallel pencil of @-rays, after transmission through a 
thin sheet of matter, may be represented in the form 


2 
= —6?/na 
Ey. 60 =~ ..€ CE O00. ses iisce teen (b), 


where n is the number of collisions made by the @-particle in its 
passage through the radiator, and a the mean deflection per 
collision. This expression reduces to (a) if we omit the constant #, 
and write b for the quantity na. On the other hand the excess 
radiation cannot be due to the scattering of the primary Réntgen 
beam because the value of EF is found experimentally to be 
only a very small fraction of that of the whole intensity of 
the incident primary beam, instead of being equal to it as should 
be the case if the expression referred to the primary beam as a 
whole. Further the value of b is independent of the thickness 
of the radiator, whereas if the expression referred to the primary 
beam it should be proportional to it. 

We have noted the resemblance of the distribution curve for 
the excess radiation to that for 8-rays. Let us assume: 

(1) That the cathode particles given out by the substance 
of the radiator under the action of the primary rays are projected 
in the line of the primary beam. 

(2) That in passing through the radiator they become 
scattered, their scattering following the same laws as have been 
observed for the similar but faster moving #-rays. 

(3) That after traversing a certain mean thickness of the 
radiator, depending on the nature of the radiator and the velocity 
of the rays, a certain fraction of them are transformed back into 
Rontgen radiation. 

(4) That a Réntgen pulse so produced follows the direction of 
the cathode particle producing it at the moment when the trans- 
formation took place. 

We will discuss the evidence for and against these assumptions 
later. Let us consider for the moment the mode of production of 
the excess radiation on these assumptions. 

The primary rays striking the first layer of the radiator produce 
in addition to the true scattered radiation a quantity of cathode 
particles, which are projected in the direction of the primary beam 
itself; that is to say they form a pencil of rays parallel to the 
primary beam. After passing through a thickness of matter ¢ they 
will be distributed about this direction in the way represented 
by (0). 


Supposing at this point a certain fraction of the rays are in 
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some way transformed into Réntgen rays, and that the Réntgen 
ray produced continues the direction of the cathode particle pro- 
ducing it. As Réntgen rays undergo no deflexion in matter this 
Réntgen radiation will be distributed round the radiator in the 
same way as the cathode particles producing it. That is to say the 
intensity in any direction @ will be proportional to the expression 
on the right-hand side of equation (6) where the constants n 
and a refer not to the primary rays but to the cathode rays pro- 
duced by them in the substance of the radiator. We have seen 
experimentally that the distribution of the excess radiation can 
be represented by such an expression, and that the constants of 
the expression do not refer directly to the primary Réntgen rays. 

As n represents the number of collisions made by the cathode 
particle before its transformation, it is evident that the value of - 
no will be independent of the thickness of the radiator, provided 
that it is sufficiently great compared with the thickness ¢. Direct 
experiments on the scattermg of cathode rays, in a suitable form 
for calculation, are unfortunately still wanting. We can, however, 
with some degree of certainty, make extrapolation from the results 
on the scattering of the B-rays. It has been shewn* that the 
scattering varies inversely as the fourth power of the velocity 
of the rays. Assuming this law we can shew that the thickness ¢ 
for the rays used in these experiments is probably less than ;4,th 
of a millimetre. It is therefore negligibly small compared with 
the thickness of the radiators. . 

The value of the constant # in equation (a) is equal to the 
product of the transformation coefficients of the primary Rontgen 
rays into the secondary cathode rays, and of the latter into secondary 
Roéntgen rays. Quantitative experimental data on the production 
of cathode rays by primary Réutgen radiation are very scanty. It 
is known that, in general, the emission diminishes as the primary 
rays become harder, and further that the emission by aluminium, 
and metals in general, is much greater than from substances of low 
atomic weight such as filter paper. We should expect that the 
intensity of the excess radiation should be greater from soft than 
from hard primary rays, and much greater for aluminium than for 
filter paper. Such has been found to be the case. 

Without further assumptions, we cannot make any definite 
predictions as to the variation of the constant 6 with the hardness 
of the rays or the nature of the radiator. The whole question 
of the transformation of a cathode into a Réntgen ray is at 
present involved in the deepest obscurity. If however we make 
the assumption that the transformation takes place after a definite 
number of collisions, then b should vary with the velocity of the 


* J. A. Crowther, Roy. Soc. Proc. A, vol. Lxxxtv. p. 226, 1910. 
VOL. XVI. PT. VI. 36 
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cathode rays producing the radiation. It has been shewn experi- 
mentally that for 8-rays the value of a varies inversely as the 
fourth power of the velocity. If this holds also for cathode rays 
b should vary inversely as the fourth power of the velocity of the 
secondary cathode rays. As the velocity of these is the same as 
that of the cathode rays which produced the primary Roéntgen rays 
we should be able to calculate it from the equivalent spark gap 
of the focus tube. 

The velocity of the cathode rays in the tube is proportional to 
the square root of the equivalent spark gap. The value of b which 
is inversely proportional to the fourth power of the velocity should 
be inversely proportional to the square of the spark gap. For 
various reasons the method is not very reliable, especially when 
the bulb is very soft. Results recently obtained by the author, 
however, shew an approximate constancy for the product of b 
into the square of the equivalent spark gap, both for rays of 
different hardnesses and for different radiators. It is hoped to 
make more direct experiments on this point, and to measure the 
actual velocity of the cathode rays produced, and the correspond- 
ing values of b. 

The scattering of a beam of cathode rays by aluminium is 
much greater than the scattering by an equal thickness of filter 
paper. We should expect therefore that the value of b would be 
much greater for aluminium than for filter paper under the same 
conditions. ‘This is found to be the case. 

The experimental distribution of the scattered Réntgen radia- 
tion may thus be explained at least qualitatively on our hypothesis 
with the help of the assumptions on p. 536. Of these, the first 
has been argued at length by Prof. Bragg*, and the second will 
probably be generally admitted; the difference between cathode 
and §-rays being one of velocity only. So little has yet been 
done on the obscure problem of the transformation by which the 
energy of a cathode particle becomes the energy of a Réntgen 
pulse that we are hardly in a position to discuss either assumption 
(3) or (4). With regard to (3) we may say that all the evidence 
so far collected shews that the whole of the energy with which the 
cathode particle strikes the anticathode is converted into Rontgen 
radiation when the transformation occurs at all, and that conse- 
quently the transformation must take place before the particle 
has lost any appreciable amount of its velocity, ze. in a very small 
thickness of the anticathode, or the radiator. 

That the Réntgen ray produced by the transformation of a 
cathode ray should follow the line of action of the ray producing 
it, as assumed in (4), would follow directly from the theory of the 


* Prof. W. H. Bragg, Phil. Mag. xx. p. 385, 1910. 
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phenomena propounded by Prof. Bragg. It could be also explained 
on the ether pulse theory. There is also some experimental 
evidence in favour of this assumption. Some time ago Kaye* 
published some preliminary observations on the emission of Réntgen 
rays from thin metallic sheets. He allowed a stream of cathode 
rays to fall on a very thin metallic sheet, and measured the 
amounts of Réntgen radiation proceeding from the radiator on 
the two sides. He found that there was always an excess of 
Roéntgen radiation on the side remote from that first struck by 
the cathode stream; that is to say in the direction of the incident 
cathode particles. In the case of aluminium the ratio rose as high 
as 3:1. As we have already seen that the cathode rays undergo 
some scattering before transformation, these results seem strongly 
to support the assumption that the Réntgen rays continue the 
direction of the cathode rays from which they take their rise. 

In conclusion, then, it is seen that the experimental evidence 
so far available is not unfavourable to the assumptions we have 
found it necessary to make to explain our results. It is certainly 
desirable however that further experiments should be made on 
many of the points raised, and some are already in progress. It is 
hoped that they will throw further light on the problems involved. 


* G. W. C. Kaye, Proc. Camb. Phil. Soc. Vol. xv. p. 269, 1909. 
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On the Different Internal Energies of a Substance. I. By 
R. D. KLEEMAN, B.A., Emmanuel College, D.Sc. (Adelaide), Clerk 
Maxwell Student of the University of Cambridge. 


[Read 11 March 1912.] 


Division of Internal Energy into Parts. 


The internal energy of a substance may be divided into three 
parts, viz., (1) the kinetic energy of the molecules due to their 
motion of translation, (2) their internal molecular energy, aad (3) 
the potential energy due to their attraction upon one another. 
These three parts will be considered in turn. 

It is usually stated as an assumption that the kinetic energy 
of a molecule in a substance is the same as that in a gas at the 
same temperature. It is possible to obtain definite formation 
on this point, from which it will appear that this loose statement 
must be considerably modified. 

Suppose that a thermometer is placed in a perfect gas. It 
will assume the temperature of the gas through being bombarded 
by the gas molecules. From experience we know that if the gas 
be allowed to expand without doing external work the tempera- 
ture indicated by the thermometer would remain the same, 
showing that the temperature it indicates is independent of the 
number of molecules impinging per second per cm.? on its surface. 
Let us consider the effect of the attraction of the material of the 
bulb on the molecules of the gas. When a molecule gets into the 
zone of attraction of the bulb its velocity is increased, and each 
molecule thus impinges on the bulb with a greater velocity than 
it possesses when not under the influence of an external force. 
Now suppose the bulb covered with a material which exerts a 
much more powerful attraction on the surrounding gas molecules 
than the material of the bulb. Each molecule now impinges on 
the bulb with a much greater velocity than before. But we know 
from experience that the temperature indicated by a thermometer 
is independent of the outside material of its bulb. It appears 
therefore that the temperature indicated by a thermometer placed 
in a gas is regulated by the velocity of the molecules when not 
under the influence of an external force. 

Suppose the thermometer is placed in a liquid. The tempera- 
ture of the liquid and thermometer are equalized as before by the 
molecules of the liquid bombarding the bulb of the thermometer. 
Now there must exist a large number of points in a liquid, which 
like the molecules are in motion, at which the forces of the 


re aaa 
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surrounding molecules neutralize one another. It follows from 
the above result that the thermometer indicates a temperature 
corresponding to the velocity a molecule has when passing through 
one of these points. This velocity is the same as that it has in 
the gaseous state at the same temperature. 

The same considerations apply to a solid. The motion of a 
molecule in a solid is, however, not migratory as in the case of 
a liquid or gas. It is probably more or less one of vibration like 
that of a pendulum. According to the foregoing the velocity of a 
molecule when it vibrates through a point at which the forces of 
attraction of the surrounding molecules is zero is equal to that it 
has in the gaseous state at the same temperature. 

The effect of molecular attraction is to make the molecules in 
a mass of matter approach one another on ‘collision’ with a 
greater velocity than they would have if they did not possess this 
property. It follows therefore that the minimum velocity of a 
molecule corresponds to its velocity in the gaseous state at the 
same temperature, while the average velocity is larger, and as 
will be shown in a subsequent paper, much larger than this 
velocity. 

In a previous paper* we have shown that in order to be able 
to calculate the energy necessary to separate the molecules of a 
substance by an infinite distance from one another we may 
suppose the molecules devoid of motion and distributed in space 
in a certain way. One of the conditions which determines this 
distribution is that the force on each molecule by the surrounding 
molecules must be zero. It follows therefore that the average 
energy necessary to remove a molecule from a substance to 
infinity is that expended when it is removed at the moment it 
has its minimum velocity. Since this minimum velocity is the 
same as the velocity in the gaseous state, the removal of the 
molecule does not change its kinetic energy due to its motion of 
translation. One part of the internal energy of a molecule ina 
substance consists therefore of kinetic energy of translation which 
depends only on the temperature of the substance. 

This kinetic energy of a molecule can be easily calculated. 

wn. . .. V2m, , okTmyz 
Its kinetic energy in the gaseous state is —5—, where V?=——_ 

= a 

according to the kinetic theory of gases, V denoting its velocity at 
the temperature 7’, mg and my the absolute mass of the molecule 
and that of a hydrogen atom respectively, and & the gas constant 
whose value is 8:26 x 107. The kinetic energy at the temperature 
ld Tr 


T is therefore equal to 


* Phil. Mag., April 1911, p. 537. 
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The internal energy of a molecule, which will be considered 
next, will be denoted by w%. It may consist of kinetic energies of 
rotation and of potential energies due to the attraction of the atoms 
upon one another. In the case of a gas at a very low pressure the 
molecular internal energy will be denoted by w,, since it then 
possesses special properties. We have then that if S, denote the 
specific heat at constant volume in ergs of a gram of gas at a very 

1 Hi) 3Rmz y 
Ma oS v Me 
duta\ 
dT), 
the gas if it is large, or the value of w, of a molecule is independent, 
or at least very approximately so, of the number of collisions it 
undergoes per second with other molecules. From this it follows 


that (=), = 0, where v,, denotes the apparent volume occupied 


by a molecule. The value of (5) , determined from measure- 
Um 

ments of S,, has always positive values. It appears therefore that 

the value of wu, is not influenced by the number of collisions per 

second the molecule undergoes, but by their violence. 

When the molecules of a substance are under the influence of 
each others’ attraction the value of uw, of a molecule is very 
probably affected by the apparent volume v,, it occupies. Accord- 
ing to what has gone before, the change in the value of ug with 
increase of temperature is due to an increase in the violence of 
molecular collision and consequent change in its nature, for it is 
very unlikely that it is connected with the increase of the velocity 
through space. Now when the molecules of a substance are 
under each others’ influence the nature of the collision of a 
molecule with another differs obviously in nature from that it 
would have if the substance existed in the state of a perfect gas 
at the same temperature. We have therefore good reason to 


we du, du, : 
believe that the values of i be and ( ee. depend on v, in 


such a case. We will see later that at present we are not able 
to test this directly. 

The third part of the internal energy of a molecule in a 
substance is that due to the attraction of the molecules upon one 
another. We will denote it by U,. Its value can be calculated 
if the law of molecular attraction is exactly known. The proper- 
ties of U, depend therefore on those of this law, whose properties 
will therefore be further investigated in this paper. 


low pressure, S, = Measurements of the 


quantity S, indicate that ( is independent of the volume v of 


* A differential coefficient in brackets indicates a partial differential coefticient 
obtained keeping the quantity constant indicated by the suffix. 
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It will now be seen that the internal heat of evaporation L, of 
a gram of matter into a vacuum, or the energy necessary to 
separate the molecules by an infinite distance from one another, is 
strictly given by 


1 
La Fy Ot a a) x Wide ete Me Oe (1): 
The ordinary heat of evaporation of a liquid is therefore given by 
= eo = (Ae i Sa 


where the suffixes 1 and 2 refer to the liquid and its saturated 
vapour respectively. In previous papers we have neglected 
(u,— Uy) IN comparison with (U,— U,), and the results obtained 
have justified this assumption. 

The surface tension of a liquid is the amount of work done on 
increasing its area of surface by one cm®. at constant temperature. 
Therefore if any change in the internal energy of the molecules 
takes place during the process it has to be applied in the form of 
heat, and therefore does not affect the value of the surface 
tension. 

Tt will be of interest next to study more closely some of the 
3Rmy a 


quantities which depend on U,, 7, and - 


The Intrinsic Pressure. 


The quantity U, of a substance can be connected very simply 
with its intrinsic pressure. The change in the part of the poten- 
tial energy due to molecular attraction of unit mass of matter 
when its volume changes by dv at constant temperature is equal 
to P,,.dv, where P,, denotes the intrinsic pressure. Since this 


BUS a | 
quantity is also equal to dU, 7? We have P,,.dv= = 
a Mee 


peu Ce) = (=) --(%) p. 
"Mg, \dv/p \dum/ 7 dp /p Ma’ 
where ¥,, denotes the molecular volume of a molecule and p the 
density of the matter. & 
A relation can now be obtained between the quantities P,, U,, 
: d 
and u,. From thermodynamics we have (=), a (Sr), where 
dQ is the amount of heat absorbed by unit mass of matter when 
it changes in volume by dv at the constant temperature 7’, and 


or 
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(#) is the increase of external pressure with increase of tem- 
v 


perature d7' keeping the volume constant. Now 
dQ = dL, +p. dv=— (dU, + dy ~ diy) + p.do, 


where p.dv is the amount of heat absorbed due to the external 
work done. The above equation then becomes 


1 /du, ‘dp 
- = — a. 2 
Poe i ak +p=T| ah, feud epee (2), 


du Eid a 
where ( = =(. If the intrinsic pressure of a substance could 


Ce 
be exactly calculated or measured, this equation could be used to 
obtain some information about the quantity uw, When the 
substance behaves as a perfect gas the above equation becomes 


(=) a 0, which fits in with what we would expect from previous 
mit 


considerations. 
Another relation of interest can be obtained. From thermo- 
dynamics we have 


dQ\ _ (dv ed fdQ sdo\.. D fae 
aoe at (ar), an ape v Gok 


Hence P,t+ : (3), +p=— 10 (3), 


Ma \Avm 


where a denotes the coefficient of expansion with increase of 
temperature at constant pressure, and £8 the coefficient of com- 
pression at constant temperature. 

Equation (3) may be used to calculate the intrinsic pressure 
of aliquid. The value of p is then (as the results obtained will 
show) small in comparison with P,. Since (w,—%q) may be 
neglected in comparison with (U,— U,), it is very probable that 


(3), may be neglected in comparison with (52) ore 


Assuming this to be the case for the present we obtain the 
simple equation 


This equation probably gives the most reliable values of P, for a 
liquid. Table I contains the values of P, in atmospheres at 
different temperatures for a number of liquids calculated by 
means of the above equation. The data used are taken from 
Landolt and Bérnstein’s Tables. It will be seen that the intrinsic 


@ «ae 


, 
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pressure of a liquid is usually very much larger than the pressure 
of its saturated vapour. 


TABLE I. 
Ether 
0 B10 | 4 L cal. nee f pulisie Lp x 42 
| erm. (atmos.) (atmos. ) 
———— — | — — 
135 <| 169 | 001574 | 8258 | -7214 | —2669 | —2502 
254. | 190 | -001632 | 81:64 | -7077 | —2565 | —2424 
63 300 | -001809 | 70-06 | -6620 | —2026 | —1944 
fro, | 367, | ,:001992 | 66-29, | -G105, |. 1812) —f7ee 
99 539  -001992 | 60°33 | -6421 | —1375 | —1543 
Benzene 
| | 
15-4 | 87 | 001215 | 97-4 | 8840 | —4083 | -3616 
501 | 111 | -001305 | 91-0 8466 | —3796 | —3235 
78:83 | 126 | -001379 | 85-62 | 8145 | —3850 | —2929 
_ aoe #5, | | 
Chloroform 
| 
O | 101 | 001107 | 62-45 | 1:5264 | —2991 | 3992 
20 128 | -001294 | 60-14 | 1-4885 | —2970 | —3763 
40 | 162 | -001484 | 57-87 |1-4503 | —2869 | —3524 
60 | 204 | 001670 | 55-60 |1-4108 | —2726 | —3295 
| | | 
Pentane 
0 | 229 | -001465 | 85°85 | 6454 | S74 32328 
90,41 318 | 001589, «| 79-99: ~|, 6262 | 1337 |\— 2103 
40 | 416 | 001721 | 75:55 | -6062 | 12945) 1928 
60 | 486 | 001830 | 71:66 | +5850 | —1260 | -1761 
| 


In a previous paper* it was shown that P, =kp,, where p, is 
the critical pressure and /& a quantity which has the same value 
for all substances at corresponding states. It follows from this 


* Phil. Mag., Oct. 1910, p. 668. 
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equation that the ratio of the critical pressures of two substances 
is equal to the ratio of their intrinsic pressures at corresponding 
temperatures. The above values of P;, approximately satisfy these 
conditions. Thus the intrinsic pressures of the liquids ether and 


benzene corresponding to the temperatures 3 are 2756 and 


3893 atmos. and their ratio is ‘708. The corresponding ratio of 
the critical pressures is equal to ‘733, and thus approximately 
equal to the former ratio. This is evidence that the assumption 
made as to the relative importance of U, and w, is correct. 

In a previous paper* the writer deduced the formula P, = jp 
for the intrinsic pressure on the supposition that matter is evenly 
distributed in space, that is, does not consist of molecules, where 
L, denotes the energy necessary to separate the elements of mass 
of a gram of substance by an infinite distance from one another, 
and p the density of the substance. It was further assumed that 
the elements of mass did not undergo any change in their internal 
energy during separation. At low temperatures L, is equal to L, 
the ordinary heat of evaporation. Table I contains values of P, 
obtained by the above formula, using the values of L calculated 
by Millst. Comparing them with those obtained by equation (4) 
we see that matter behaves as if the above assumptions are 
approximately satisfied f. 


The Internal Heat of Evaporation. 
According to an equation given in a previous part of the paper 
Da =: (U,+u%—U,). Hence 
_ aL, dU, dU, dT du, 
Tae” ag) * (Gog din * don) 


dim  \dvm 
alee ee oe (Ss) ar 
aT} Th Avy \dum fi aT Um din : 
where (52) a 0. By means of equation (3) the foregoing equa- 
m 


tion may be written 


dL, Ta. { dU, du, dua \ dT 
Ma mae Pp + B = Ma ( oe =5 bau aa eae do, . (5). 


If this equation is applied to a liquid in contact with its 


L : 
saturated vapour at a low temperature, oa can be evaluated since 


im 


* Phil. Mag., Oct. 1910, p. 670. 
+ Journal of Phy. Chem., Vol. vu. p. 405 (1904). 
+ See also Phil. Mag., Oct. 1911, p. 584. 
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L, is then very approximately equal to L the ordinary heat of 
evaporation. The other quantities on the left-hand side of the 
equation can be easily measured in all cases. 
du, du sal 
Let us aap that eae = ale which is very probably 
at least approximately true. The above equation may then be 


used to obtain the values of ce) for different substances. 
Vv 


dT ™m™ 
Table II contains the values of eS (a7) a at different 
Ma \ AT /v,, dim 
TABLE TT 
Ether | Pentane 

| om, ah dl, Ta — dly dL, Ta 

: is dv», ue Wy, si B g ma Wy, a Wp, ai B 
| 13°5 |- 5720 — 3051 0 | —51380 — 3383 
peep |—5190 ‘i 2625 20 — 4610 — 2273 
63 —3840 | —1834 | 40 — 3600 — 2306 
78:5 |—3480 | -—1668 | 60 — 2810 — 1550 

Oo 9200" | 1825" | 


temperatures for a number of substances calculated in this way, 


: T ; : 
using the values of ~~ obtained previously. It will be seen that 


they are all negative. Since must be 


g is positiv | 
ae era 
negative. Now U, is the work spent per molecule against the 
molecular attraction in separating the molecules from one another 
by an infinite distance. This result therefore signifies that the 
attraction between two molecules separated by a constant distance 
decreases with increase of their temperature. . 


The Specific Heat at Constant Volume. 


The quantities U, and uw, are intimately connected with the 
specific heat at constant volume of a substance. The connection 
between them can be obtained by passing the substance through 
a closed cycle and equating to zero the total change in internal 
energy. Let S, denote the specific heat in ergs at constant 
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volume of a gram of substance. Then if its temperature is raised 
by d7’, keeping the volume constant, the amount of heat supplied 
is S,.d7. Let the substance now expand, keeping its temperature 
constant, till its volume is infinitely great, and let Z, +d, denote 
the amount of heat supplied which represents the internal work 
done. On lowering the temperature of the gas by d7’, keeping 
its volume constant, the heat given out is —S,.d7, where S, 
denotes the specific heat at constant volume of a substance in the 
state of a perfect gas. Experiment shows that S, is independent 
of the volume of the gas, or or 0. Next let the gas be com- 
pressed, keeping the temperature constant, till it occupies its 
original volume. Let — ZL, denote the heat given out during the 
process due to the internal work done. Equating the sum of the 
changes in internal energy to zero we have 


S dT eT, aia Sof, =O, 


dL ; 
or al =p No, «se2kh ln eee (6). 
1 
‘7 ee Gt fp = 
Since [, Ma ( U 1+ Uy, Ua) 
_ 1 §/dug 3hmyz) 
ag ~in|(at).* 2) 


the above equation may be written 


ie 1 ¢ dita 3Rmyz dU, du, 
8-5 (2(an),, + 2 Grain lan +(7). 


Let us suppose as before that (SF) = (Sa) . The equation 
Um v 


dT dT 
170, u 
Ma os . NowS, of asubstance usually 


increases with its density, if it does not obey the laws of a 
perfect gas. This is shown in Table HI which contains the 


m 


then becomes S,, = S, — 


TABLE III. 
p 8, Pp Sy 


So 
oo 
~I 
ba | 
—_ 
~I 
— 
i 
fount 
| 
=~I 
~] 
md 
Ne} 
| 
bo 
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values of S, in grm cal. obtained by Joly* for CO, at different 
densities. S, in grm cal. is equal to ‘1601 and S,,— S, is therefore 


positive, and consequently eal must be negative. This result 


shows as before that the attraction between two molecules, on the 
above assumption, decreases with increase of temperature. 


The Specific Heat at Constant Pressure. 


An expression for the specific heat at constant pressure of a 
gram of substance can be found along the same lines as that at 
constant volume. It will be easily seen on passing the substance 
through a similar cycle as indicated in the previous section that 
the internal work done when the temperature of a gram of sub- 
stance is increased by d7’, keeping the pressure constant, which we 
will denote by S,,;, 1s given by equation (6) on substituting S,; for 
S, and (ar), for ( Ts, The specific heat at the constant 


pressure p is then given by 
¥ dvu\ « (dl, dv 
Sp = Spi + p Ga =i oF. +p Ga: , 
where p (57) is the external work done during expansion by the 
p 
substance. Now 
L,= =i + U— Ua), 
Mea 
y _ 1 {/dug 3, R) 
meal iy sd 


and So= at > f 3 


further (<7), = (ie) + Map eye (ar, ail: 


dv’ : RT 
SINCE MP ( iP)» from the equation pv ae of a perfect gas is 


equal to Rmy, ate m is the molecular weight relative to hydro- 
gen. a above Hele giving S, may now be written 


snd (a(S), + (2) (2) L0G), 


The difference between the specific heat at constant pressure 
and that se constant volume is given by the equation 


Sy S= 5, {Rm (art), ~ (at, 


¥ (ar),,* (7), +p (5), ...(9). 


* Proc. Roy. Soc. Ly. p. 390, 1894. 
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When the substance is in the form of a perfect gas we have 


dU, dU, 
ea. a =0, and Gr). Further 


(ar). (a). (at), = Ge), = Cat), + 


dy R R 
and p (Sr) = Equation (9) then becomes S, — S, = = 


The Specific Heat of a Liquid. 


The methods that have been employed to measure the specific 
heat of a liquid give more or less exactly the specific heat at con- 
stant pressure. At low temperatures the external work done by 
the liquid on expanding with rise of temperature is small in 
comparison with the internal work done, but at high temperatures 
(near the critical point) this is no longer the case. Let us consider 
the quantity S,;, the internal specific heat of a gram of substance 
at constant pressure. It is given by the equation 


u OY dL, 
Su = Sy — (Fr), 


where ZL, denotes the internal heat of evaporation of a substance 
into a vacuum, and S, its specific heat at constant volume when 


dT 


been measured for any substance. It can be connected with the 


quantity i for we have ane a + (5) dp Further 
Pp 


in the state of a perfect gas. The quantity (52) has not yet 
P 


aT. \d? dp /,adT 
L=L,-L,, and hence T= — =. where ZL denotes the 


internal heat of evaporation of the substance, and L, and L, the 
internal work done in separating the molecules by an infinite 
distance from one another of a gram of liquid and saturated 


vapour respectively. The quantities - a and — ee occur- 


ring in the last equation, are all negative, and it follows therefore 


that qT is numerically larger than Further the quantity 
adL,\ dp . et : Ce ee } dl, 
Gal dP is positive, and therefore dT is larger than ( aD)» 


according to the second last equation; and consequently 


is larger than (a) . It follows therefore that if the former 


dL 
dT aT }p 
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quantity is used’ instead of the latter in the equation giving S,;, 
the values obtained for S,; should be larger than those found in 
practice. This was found to be the case, even at low temperatures. 
It is necessary therefore to discover an empirical expression for 


dL, 
at)» 
, ; aly 
It was found that its value is approximately equal to ar if L, 

is calculated on the supposition that the work done in separating 
the molecules of a quantity of matter by an infinite distance from 
one another is entirely expended in overcoming the attraction 
between the molecules, and that the law of molecular attraction 
is that given by the writer in a previous paper’, viz. 


oi ey ee 


2 


< 


supposing ® es =), which for brevity we will always denote by (9), 
c ‘Cc Fi 


is equal to a constant b. We have thent L, = ba le (=Vm,)?, and 
m?> 


Le L, = ba {pe wt pa? } ieee 


m® 


where p, denotes the density of the saturated vapour and p, that 
of the liquid, and @ a numerical constant. Therefore 


dL, 4ba 1 dp, (Sm)? L 4 1 dp, 


BO ete rahke, tage andl 
on eliminating , ba, and consequently 
Mm? 
ee L 4,3 d 
ee (10). 
pi” — P2” 4 


This equation is tested in Table IV. The values of S,; for 
CO, are taken from a paper by Dieterici{, who calculated them 
from the results of his experimental investigations. The values 
for the remaining substances are taken from Landolt and 
Boérnstein’s Tables, 2nd ed. They correspond to temperatures 
for which S,;=S,. The values of S, were also obtained from 


* Phil. Mag., Jan., 1911, p. 97 ; and previous papers. 
+ Phil. Mag., May, 1910, pp. 789-795. 
+ Annalen der Phys., Vol. x11., pp. 170-171 (1903), 
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TABLE IV, 
Sulphur dioxide. S,=*1223 
| | 
dp, L Spi. Spi 
t Py ar Po | eal. per experi- cal- 
| grm. | mental | culated 
| 
O | 1435 0025 0045 83-56 317 316 
40 | 1°325 00285 ‘0181 70°73 342 325 
120 | 1:018 0055 "1255 | 44-29 457 462 
140 878 00887- | °216 | 32°67 ‘DOS ‘79 
145 827 01175 =| -254 | 28°57 845 805 
153 694 ‘0202 ‘3776 | 15-55) <4). 1035 1-207 
Ether. S,=°454 
0 ‘7362 | -00114 ‘0,827 | 86-16 529 632 
30 | “POLS. | “OOT21 “| -O0260% 7) 77792 ‘DAT 633 
80 | 6402 | 00141 01155 | 65-85 | 690 | -648 
120 | 5764; -00176 | 02934 | 54-91 803 682 
140 ‘5385 | -00210 04488 48°31 822 ‘714 
180 4268 | -00497 1135 27-09 1-041 ‘961 
Carbon dioxide. S,=:1601 
0 ‘9139 | -00409 | -004091 || 48-36 “495 466 
5 | ‘8882 | -00582 | 005821. | 44-46 ‘O52 ‘DOE. 
15 | -8137 | -00901 ‘009010 34°50 691 ‘731 
20 ‘7660 01064 01064 29:78 | -806 814 
25 ‘7033 ‘01378 01378 22°07 | 948 ‘Ole 
27 | 6711.) 01800 01800 17-00, | 1-105 1:02 
28 | °6527 | -02087 02087 =| «14:00 1-205 1:05 
29 6299 | -02818 702818 | 12-40 1-48 je) 
30 ‘5981 | -05047 ‘03047 8°85 1:85 2-00 
Carbon disulphide S,= +1312 
O | 1:2921 ‘00146 0.5662 82°76 2352 ‘256 
30 | 1:2473 | -00150 001759 78°97 2401 258 
80 | 1:1684 | -00163 007473 | 71:03 ‘260 263 
120 | 1:0997 | -00183 01821 63°24 ‘276 271 
| 160 | 1:0216 | -00201 0369 54:28 2882 274 
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these tables. Both S, and S,; are expressed in cal. per grm. It 
will be seen that a fair agreement between calculation and experi- 
ment is obtained. 


The Temperature Effect of U,. 


In a previous paper* we have brought forward some evidence 
from latent heat and surface tension considerations that the 
attraction between two molecules isa function of their temperature. 
In the reasoning (w,—%) was supposed to be small in comparison 
with (U, — U,) in the case of latent heat of evaporation, for the 
truth of which there is some evidence. The surface tension, we 
have seen, is not affected by the quantity ~%. But it is probably 
affected by the surface transition layer, of which the mathematical 
investigation takes no account. It is of importance therefore that 
the point in question be investigated in as many ways as possible. 
Tt has already been considered in previous parts of this paper. 


dQ\ _ ,,/dp sa 
The thermodynamical equation a) =f Gar according to 


what has gone before, may be written 


Cra U; du, dp 
Ma (a), = (Fe), =e = P 
Let us assume that (2) is small in comparison with a : 
d mt T Mn PB 
Now JU, is the energy necessary per molecule to separate the 
molecules of a substance by an infinite distance from one another. 
Therefore if the attraction is independent of the temperature the 


quantity (5), or the right-hand side of the above equation, 
ai 
should be independent of the temperature for a constant value of 
v. Table V contains values of this quantity calculated by means 
of the above equation for CO, at different temperatures corre- 
sponding to the relative volumes ‘001 and ‘005. The data was 
obtained from Landolt and Boérnstein’s Tables, Ist ed. It will 
be seen that it is by no means constant for a constant value 
of v, but decreases in value with increase of temperature. This 
indicates that with a rise of temperature the attraction between 
two molecules decreases. It will be seen from the table that the 


decrease in the value of oe) when the temperature is increased 
df 


from 31° to 40° is less when the value of v is (005 than when it is 
‘001. This would indicate that the greater the distance between 


* Phil. Mag., Jan. 1911, pp. 91-95. 
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two molecules the less is their attraction upon one another 
affected by the temperature. 


TABLE V. 
v='001 
d 1 
i i p 7 (255 -p) 
rea 

Sila 5641°25 | 28:97 3426 
304 | 5375-11 Sooo | ATO 

v=:005 
S315 90-463 1:487 375 
304 76:936 Ibi 


To test whether the undermentioned function ¢ & 72) in the 
c 


law of molecular attraction contains z the distance of separation of 
the molecules besides 7’ the temperature, we will use the thermo- 


: : d m (dv ’ ; 
dynamical equation GS) -7 ae This equation may be 


written 
dU, du, 1 Bic ; 
(a2), (5) } Ma pe = B’ (equation 3), 


: li wav; is Ta 
which becomes — ( ) +P= =. 


Mg \dvm 
on neglecting (=) in comparison with (s) . Let us assume 
dv, T Um T. 

that the above function does not contain z. We obtain then 

GT, Bp,’ —,, 

Ma gh ONY 
and L=U,- U, = B(p,2 — p,°) — 

a 


in the same way as the values of Z, and Z were obtained in the 
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section on the specific heat of a liquid, supposing the above 
equation to apply to a liquid in contact with its saturated vapour. 


2a hee! 


— 9 pis ’ 
dm, (2h pi’ a ps? 3 


where ¢ is a numerical constant which should be equal to unity. 
The above thermodynamical equation then becomes 


Therefore 


Mea 


According to this equation the expression on the left-hand side 
should be independent of the temperature and nature of the 
liquid and equal to —1. The value of this expression or — 1/c is 
given in Table VI for a number of liquids at different temperatures. 
It will be seen that it is not constant, nor equal to unity, and that 
the above function in the law of molecular attraction must there- 
fore contain z. The deviations from constancy are however small, 
and it may therefore as a first approximation be taken a function 
of the temperature only. 


TABLE VI. 
Ether | Benzene 
t Ife t — Ie 
113345: 1215; 6 1:18 
25-4 1:26 10 1:14 
63 1:28 50 1:01 
99 1:33 | 
78:5 ileayI 
Ethyl Acetate 
13:3 1:26 
99-6 cae 


Joule-Thomson Effect. 


The function (¢) in the law of molecular attraction, on which 
U, depends, may possibly consist of a number of positive and 
negative terms. This point has already been discussed in a 
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previous paper*. We are now in a position to make some im- 
portant changes and additions. 

This form of the function would indicate that the attraction 
between two molecules is the resultant of a number of attractions 
and repulsions which act independently. The force between two 
molecules would in that case pass through zero and change in sign 
for certain distances z of separation. These values of z are given 


by ¢ (Fr z ; =) = 0, where 7’, denotes the absolute critical tempera- 
ture and 2, the distance of separation of the molecules in the 
critical state. From the form of (¢) it follows that for pairs 
of molecules at corresponding temperatures these distances are 
the same multiple or fraction of the distances of separation of 
the molecules in the critical state. 

This property of the function can be experimentally investi- 
gated by allowing a mass of gas to expand from the density p; to 
ps over a large range of values of p; and p,, without allowing it to 
do external work, and measuring the heating or cooling effect 
produced. The amount of heat Z, that is absorbed or given out 
when unit mass of a substance expands between given limits of 
densities is according to the first section of this paper given by 


L;=(U; -— Us +us— u) = where the suffixes 3 and 4 refer to the 
a 


matter at the densities p,; and p, respectively. If the expansion 
takes place adiabatically and without external work being done 


the heating or cooling effect is approximately given by Zz , where 
v 


S, denotes the average specific heat at constant volume. 

In previous investigations (on latent heat of evaporation, etc.) 
we have neglected (wu; — us) in comparison with (U; — U,), and the 
results obtained have justified this assumption. The above 
equation may then, on making the same assumption, be written 


{y.(F: re) 0 wz ) ps See) = Ty Al), 


on evaluating U,; and U, from the general law of molecular 
attraction} in the same way as the value of JZ, in the section on 


specific heat of liquids, where =m, denotes the sum of the 
square roots of the atomic weights of the atoms of a molecule. It 
follows from this equation that the Joule-Thomson effect of gases 
at corresponding temperatures when the initial and final densities 
during expansion are corresponding densities is proportional to 


Pe 3 (SVm,)? 


deed A heating effect indicates that over some range of 
ym 


* Phil. Mag., Jan. 1911, pp. 96-97. 
+ Loc. cit. 
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distance of separation of the molecules lying between their initial 
and final distance of separation during expansion the molecules 
repel one another, and a cooling effect indicates that they attract 
one another. Now experiment has shown that both a heating 
and cooling effect can be obtained. It follows therefore that the 
function (#) consists of a number of positive and negative terms. 

The points of inversion of a gas, that is for which there is no 
heating or cooling effect for a small expansion, are given by the 
equation L;=0 or 


ata 4 = (2\*. Fe ) eee (13), 


where py=p;+ Ops, and taking the limiting form of the equation 
on putting 6p;=0. The equation reduces to the form 


ly be) 
Va = ps 0. 

It follows from this equation that the point of inversion depends 
on the density as well as the temperature of the substance. 
Further, if a number of substances have corresponding densities 
their points of inversion will occur at corresponding temperatures. 
This condition has probably been approximately satisfied in 
experiments on the subject, since gases with a low critical tem- 
perature were found to have a low temperature of inversion. 

It has been found that the cooling effect obtained with gases 


can be approximately represented by the expression a =» where 


dT 


ip is the change in temperature of the gas per unit change in 
pressure during expansion, and @ is a constant which depends on 
the nature of the gas. But obviously this equation can only have 
a very limited range of application. When a gas is allowed to 
expand at different temperatures so that the initial and _ final 
volumes are always the same, and it behaves approximately as a 


perfect gas, that is obeys the law pu= ae dp is proportional to 7’. 


The cooling effect is then from the above equation approximately 
inversely proportional to the temperature. But if the initial and 
final volumes during expansion of a gas at different temperatures 
are always the same, and the molecular attraction is independent 
of the temperature the cooling effect must also be independent of 
the temperature. Since it represents the energy expended in 
separating the molecules against their attraction, and under the 
above conditions is approximately inversely proportional to the 
temperature, it follows that the molecular attraction decreases 
with increase of temperature. 
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It is possible to find a value for a in the equation A = 7s 
in terms of some of the fundamental quantities of a substance. 
Let us suppose that the experiments on the Joule-Thomson effect 
of various gases are so carried out that their temperatures and 
initial and final densities during expansion are corresponding 
quantities. Let us further suppose that the gases obey approxi- 
RTp 

m 


mately the law p= applying to a perfect gas. We have 


7 


then that dp = p, — p= (p: — ps), and the above equation may 


hy pe 
T.m 
for all gases since they are at corresponding states, and p, and T, 
denote the critical density and temperature respectively. Now we 
have seen in an earlier part of this section that if the experiments 
are carried out under the conditions stated above the cooling effect 
Pout Iespes 
is given by = 

S,m5 
Equating these two expressions for the cooling effect we obtain 

Eee I 
a= me (=Vm,)?, where k, = i is an absolute constant since @ is 

El a 
taken independent of the temperature and density of the gas. 

It will be of interest to compare the value of this expression 
for a with that obtained by experiment. Joule has shown that at 
a temperature of 17° a has the value 265 for air and 1:05 for 
carbon dioxide. Now in the case of carbon dioxide we have 
pe= 464, T,.=304, and S,='1486 at 17°; and in the case of nitrogen 
(principal constituent of air) we have p,='37, T,=127, and 
S,='1735. Putting k, equal to 7:544 x 10-! we obtain a=1:03 
for carbon dioxide, and a=‘262 for air. The agreement between 
calculation and experiment is thus very good. 


be written d7' = , where k, is a quantity which is the same 


(=v m,)?, where k, is the same for all substances. 


Remarks. 


In the previous sections we have shown that the internal 
energy of a substance can be divided into three parts, viz. U,, w, 
3RmyT 
and eae. 


deduced. 
In previous papers we have neglected (uw, — uv.) im comparison 


Various formulae involving these parts have been 
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with (U, — U,) when dealing with the internal heat of evapora- 
tion, and obtained a form for the law of molecular attraction 
which agrees with that deduced from the surface tension, though 
the latter quantity does not involve u,. The rate of diffusion of 
gases, which does not involve u,, could also be deduced from the 
law. It was then possible to deduce that the molecular attraction 
decreases with increase of temperature. These results fit in with 

the investigations in this paper. 
If (w— wus.) is small in comparison with (U,— U,), for which 
there is considerable evidence, it is very likely that ($2) = (cand 
m/ T 


du, ms dus = : : i 
(F7),.=( ai Assuming this, we deduced in this paper that 


the molecular attraction decreases with increase of temperature, 
the same result as obtained on the first assumption. In the second 
part of this paper further evidence will be brought forward con- 
firming this result. 
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The Chromosomes of a Giant form of Primula sinensis. By 
R. P. Grecory, M.A., St John’s College. (Preliminary Note.) 


[Read 26 February 1912.] 


Giant races of Primula sinensis have been known in horti- 
culture for some time. In an earlier communication*, the writer 
showed that in one of these Giant races, the individual cells and 
their nuclei are, on the average, larger than those in the ordinary 
(non-giant) type of P. sinensis, but the number of chromosomes 
is the same in both cases. In the course of a series of experi- 
ments with P. sinensis, a cross between two ordinary (non-giant) 
plants gave three very giant plants in the second generation. 
A further generation was raised by self-fertilizing one of these 
giant plants. The plants so obtained are all giants. An exam- 
ination of one of them has shown it to possess distinctly larger 
nuclei than those of the ordinary type; and, although the 
material at present available for cytological examination does 
not permit of a precise statement as to the number of chromo- 
somes, it is clear that the number in the meiotic divisions is 
greater than it is in the same divisions of the typical P. sinensis. 


* Proc. Camb. Phil. Soc., Vol. xv, p. 239, 1909. 
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The Detection of Small Amounts of Polarisation in Light from 
a Dull Sky. By A. E. Oxtry, M.Sc. B.A., Trinity College. 


[Recewed 22 April 1912—Read 6 May 1912.] 


IF a polariscope, composed of a selenite plate and an analysing 
prism, be used to examine the light from a dull sky, the field of 
view is not appreciably coloured however the crystalline plate and 
the analyser are rotated with respect to each other and to any 
dissymmetry in the incident light. The proportion of polarised 
light is not large enough or the azimuth of the polarised vibration 
is too indefinite for it to be detected by this means. Probably 
both the smallness of the proportion of polarised light and the 
indefiniteness of the plane of polarisation are to be considered 
as effective in rendering the detection of polarised light from 
dull skies difficult. 

The present paper contains an account of a method by which 
it is possible to detect such small amounts of polarisation as those 
which occur when dark clouds separate the observer from the 
open sky. In all cases the observations were conducted on a 
small region of the sky near the eastern horizon and the time of 
observation was sunset during the latter part of March and the 
early part of April. 

Let us consider the fringes produced by plane polarised light 
from a bright sky when the light passes through a Babinet’s com- 
pensator. The plane of polarisation is fairly well defined as can 
be seen by the sharpness of the change in tint produced in the 
bi-quartz when the latter is rotated through a small angle. When 
the sky is bright, coloured fringes are seen in the field of view 
and these are of maximum visibility when the principal direction 
of the analysing Nicol’s prism is parallel or perpendicular to the 
direction of vibration of the incident polarised light. 
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When the sky becomes overcast the coloured fringes disappear, 
and however the compensator and analysing Nicol are rotated 
no fringes can be seen. 

If this is the case, let a polarising rhomb be placed in 
front of the Babinet compensator so that the light from the 
- is 
introduced between the components of each of the plane polarised 
vibrations which come from the part of the sky examined. It is 
found that for certain positions of the rhomb and compensator and 
the analysing Nicol the bands are made visible. The rhomb used 
was a bi-trapezoid* which produces a relative phase difference of 


sky first passes through it. Suppose a phase difference of 


5 over a wide range of wave length and admits of accurate adjust- 


N' B-T 


none Te man 


ara) 
ee ee 
en aa ae 


Fig. 1. 


ment with respect to the principal direction of the analysing 
Nicol. Moreover a rhomb of this form can be rotated without 
displacing the beam of light laterally. The arrangement of the 
apparatus is shown in fig. 1. 


A A 

C Cc 

B B 
Fig. 2. 


Here BT is the bi-trapezoid and S the compensator. On 
placing the eye at # the field of view is made up of the end 
view ACBBC'A’ (fig. 2) of the bi-trapezoid. 


* A, E, Oxley, Phil, Mag. April, 1911, p. 517. 
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Over the portion BCC’B’ the light has been submitted to 
the action of the polariser, while the light which comes from the 
upper portion, ACC’A’, has passed directly through and has there- 
fore not been influenced by the polariser. When the sky is dull 
the portion ACC’A’ of the field of view shows a uniformly grey 
illumination while BCC’B’ shows distinct dark bands. These 
bands terminate abruptly along the line CC’ which is the image of 
the joint at the re-entrant angle of the bi-trapezoid. If a Nicol 
N’ is placed in front of the bi-trapezoid, coloured bands stretch 
across the entire field of view, but the line CC’ is a line of dis- 


¥ 


0 X 
Fig. 3. 

continuities, like a geological fault. On removing V "the bands 
in ACC’A’ disappear entirely and the bands in BCC'B' remain, 
though their visibility is much reduced. These latter bands could 
be distinctly seen when, under the same conditions, no change of 
tint could be found on rotating various crystalline plates in the 
polariscope. . 

The effects observed are independent of the orientation of the 
bi-trapezoid with respect to the incident light. No bands could 
be seen in the area. BCC’B’ when the edges of the bi-trapezoid 

38—2 
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and compensator were parallel; the visibility of the bands was a 
maximum when the edges of the compensator and bi-trapezoid 
were inclined at an angle of 45°. When the principal direction of 
the Nicol’s prism is parallel to a principal direction of the compen- 
sator (which is inclined at 45° to an edge of the bi-trapezoid) no 
bands are observed, but there is a maximum visibility of the bands 
when the principal direction of the Nicol is inclined at 45° to 
a principal direction of the compensator, 7.e. parallel to an edge 
of the bi-trapezoid. 

The increase in the visibility of the bands may be accounted 
for as follows: 


Ty - Sin In, sin bt P 


Ym. Cos JI,,. cos pt. 


P 


Let 7, .sin pt be an incident vibration inclined at azimuth $, 
with respect to an edge of the bi-trapezoid. The components of 
the vibration entering the bi-trapezoid are 


Tn.Sin pt.cosS,, along OX, 
Tn. Sin pt.sinS,, along OY. 
The components leaving the bi-trapezoid are 
Tn .cos pt.cosS,, along OX, 
rn .sin pt.sin Sp, along OY. 


Fig. 4. 
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Let ¢ be the angle between a principal direction of the 
compensator and a principal direction of the bi-trapezoid. The 
components entering the compensator along its principal direc- 
tions are 


rz. sin d.sin pt.sin 3, + 7, . cos p. cos pt. cos Sp, along OR... An 
and 
Tn. Sin b. cos pt .cos 3, —1,. cos. sin ptsin S,, along OP... By. 


Write gaite 
Then 
a ” (cos e+sine).sin pt sin S$, + (cos e —sin e) cos pt . cos Sof 


=s , eos €. cos (pt —3,) —sin €. cos (pt + sf. 
Similarly 
5, = {60s e.cos( pt + Sn) +sin e. cos ( pt— Sf 


By experiment the visibility is best when ¢ =4 and the above 


expressions show the effect of a slight variation, e, from this value. 
When e=0, a condition maintained in all that follows, 


A,= re cos (pt — Sn), 


B,= ae . cos (pt + Sn). 

Thus the amplitudes of the components along the principal 
directions of the compensator are equal and their phase difference 
is 2S,. This holds for all the components. Hence the resultant 
displacements along the principal directions of the compensator at 
any instant are 


= Nr 
A=2A,= 3 ae . cos (pt — Sn), 


us N 
B= >B,== —.cos(pt+9n), 
n=1 


N being the number of plane polarised rays, a number whose 
magnitude is fixed by the smallest change in $ which it is neces- 
sary to distinguish, 

Whatever be the value of the incident azimuth S$, with respect 
to an edge of the bi-trapezoid, the direction of vibration of the hght 
transmitted by the compensator is, for certain relative thicknesses 
of the quartz wedges, accurately inclined at an angle of 45° with 
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respect to a principal direction of the compensator, 7.e. the 
direction of vibration of the light finally transmitted for certain 
relative thicknesses of the quartz wedges accurately parallel to 
an edge of the bi-trapezoid, and when the principal direction of 
the Nicol is perpendicular to this direction the bands are most 
visible. The positions of the centres of the bands are determined 
where the thicknesses of the quartz wedges are such that the 
phase difference produced by them, P (say), satisfies the relation 


P+2.3=2nr, 


where n is any integer and S$ is the mean azimuth of the incident 
vibration. The position of the Nicol which gives a maximum 
visibility to the bands is therefore theoretically accounted for. 
The increase.in purity of the bands when this arrangement of 
apparatus is adopted appears to be due to the transference of 
a variation 6% in the azimuth of components in the incident 
vibration into a variation in phase difference 283 in the com- 
pensator. Thus although for certain thicknesses of the quartz 
wedges the transmitted vibrations are accurately parallel to an 
edge of the bi-trapezoid, yet the vibrations are not accurately 
superposed but are slightly separated in the compensator by a 
distance representing a phase difference corresponding to twice 
the difference in azimuth which exists in the vibrations in the 
incident beam, Even when the direction of vibration of the 
incident light is sharply defined, as for example in the plane 
polarised vibrations produced by a Nicol’s prism, the bands observed 
in the compensator are broad, the centre of the band being quite 
black and the illumination gradually increasing as we pass out. 
This is because the Nicol cuts out a great deal of the illumination 
due to the neighbouring eccentric ellipses. In the present case 
each plane polarised vibration is cut out by the Nicol, when 
properly placed, at those points of the compensator where the 
phase difference between its final components amounts to 2nz, 
and in addition a great part of the illumination due to the 


neighbouring eccentric ellipses is stopped. If 3, —‘ is not very 
large, say a few degrees, then the vibrations eclipsed by the Nicol 
will be very nearly superposed and the effect of the superposition 
will be to produce dark bands which, unlike the Babinet bands, 
have no very black centre. If 3, —% is large, the superposition 
will give rise to fainter and more attenuated bands. This at- 
tenuation, which was slight, could be detected experimentally. 
The bands never acquire a high visibility owing to the fact that 
there is a large proportion of unpolarised white light present. 

A pair of vibrations at azimuth $+ 63 and 3 — 63 incident 
on the bi-trapezoid, and passing through the part of it marked 
ACC’A’, emerges from the compensator with components still 
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inclined at azimuth difference 263 with respect to each other, 
and if the intensity of the incident light is small, the polarisation 
cannot be detected. When the sun is shining and the light 
from the sky is bright, coloured bands are seen in ACC’A’ as 
well as in BCC’B’, but the direction of vibration which gives 
rise to the bands in ACO’A’ is parallel to the original direction 
of vibration at incidence, as would be expected, while in BCC’B’ 
the direction of vibration is still parallel to one edge of the 
bi-trapezoid. Moreover the bands in ACC’B’, when they exist, 
are not continuous with those in BCO’B', except under special 
conditions. Although the appearance of the bands in ACO’A’ 
is probably influenced by the increased brightness of the sky, still 
it seems that part of their brilliance is due to the existence 
of a more definite plane of polarisation when the brightness 
increases. The indefiniteness of the direction of the plane of 
polarisation, when the apparatus is directed towards a dull part 
of the sky, may be caused by the reflection of light, polarised 
in various azimuths, from brighter parts of the sky. When a 
bright sky is observed the amount of light so reflected is less 
important and the plane of polarisation is consequently more 
accurately defined. This, with the increase in intensity causes the 
appearance of bands in the region ACC’A’ of the field of view. 

An arrangement of this type could be used as a direct reading 
polarisation chronometer and there would be no need to set the 


instrument each time the hour of the day was required. If S be the 
angle which the mean direction of vibration of the incident polarised 
light makes with an edge of the bi-trapezoid, then directing the 


instrument towards the pole the increase in § as the sun rotates is 
a true measure of change in solar time. Now keeping the wedges 
fixed the position of the central dark band at any instant 1s deter- 


mined by the magnitude of $8. Hence the passage of the bands 
across the field of view is an indication of the elapse of solar time. 
If d be the distance between two bands, then the interval of time 
they represent is twelve hours and therefore in order that we may 
tell the hour of the day to within one minute of solar time, it will 
be necessary to distinguish 74, of the distance between the bands. 
This may be possible if we use thin enough wedges in the compen- 
sator so as to increase d and if the light from the sky be moderately 
bright. The time could still be found even when the sky was so 
dull that the polarised light from it was not sufficient to give rise 
to complementary tints in a selenite or other crystalline plate, 
although of course to a much rougher approximation. In this 
respect and also on account of the greater accuracy attainable in 
the setting of the bi-trapezoid with respect to the compensator and 
analysing prism, the present form of polar chronometer will possess 
several additional advantages over the instrument devised by 
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Sir Charles Wheatstone*. The advantages of the latter instrument 
over the sun-dial are (1) there is no locality in which it cannot be 
used, whereas in the case of the sun-dial no object must intervene 
at any part of the day between the sun and the dial, (2) the 
instrument continues to indicate true solar time both before and 
after sunset and so long as an appreciable amount of the sun’s rays 
are reflected from the atmosphere, (3) even when the sky is over- 
cast, the instrument will continue to indicate the time providing 
the clouds are of small density. The accuracy attainable with 
a polar chronometer of the form described above is being in- 


vestigated. 


| 
Xx 0 X 
Fig. 5. 

OA and OF are the extreme plane polarised vibrations in the incident light which 
pass through the bi-rhomb unaltered, the respective azimuths being 3, and S 
with regard to the principal direction OX. In the left half of the field the 
components of the incident vibrations parallel to X’OX have suffered a phase 


change of 7 and the transmitted plane polarised vibrations are represented by 
OA’ and OE’ at respective azimuths 3, and 3, with regard to OX’. Equality 


of illumination in the two halves of the field is obtained when the principal 
direction of the analysing Nicol is parallel to X’OX. 


At the suggestion of Dr W. F. G. Swann, the efficiency of a 
half-wave plate in the detection of such small amounts of polari- 
sation as are considered in this paper, was examined. Instead of 
using a half-wave plate, which produces between the transmitted 


* B. A. Report, Swansea, 1848, p. 10. 
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components of a plane polarised vibration a phase difference of 
for one particular wave-length only, a bi-rhomb* white light half- 
shade was used. If the polarisation from a dull sky can be 
detected by this means, the field of view when observed through 
a Nicol should be divided into two portions of unequal brightness, 
but there will be a position of the analysing Nicol for which the 
two halves of the field of view appear equally bright. This will 
occur when the principal direction of the Nicol is parallel to an 
edge of the rhomb forming the half-shade. 


Reciprocal of Intensity. 


Qn. 


Phase Difference along Combensator.——> 
Fig. 6. 


The existence of polarisation in light from a dull sky could be 
detected by this means when no tint could be distinguished 
in the bi-quartz. The method is not sensitive as the Nicol 
could be rotated through quite a large angle (25°), without any 
appreciable disturbance of the equality of the illuminations of the 
two halves of the field being detected. Further, this method 
does not locate the mean direction of the plane of polarisation. 
In the first arrangement in which the bi-trapezoid is used (fig. 1), 
a variation of the mean direction of the plane of polarisation with 


* A. E. Oxley, B. A. Report, Sheffield, 1910, p. 536; Chemical News, Vol. c11., 
p. 190. 
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respect to an edge of the bi-trapezoid is accompanied by a dis- 
placement of the bands across the field of view of the compensator. 
If after any interval of time the central band has moved a measured 
distance, this distance corresponds to a phase difference in the com- 
pensator half the value of which is a measure of the angle 
through which the mean plane of polarisation of the incident beam 
has rotated in that interval. This method therefore not only 
indicates the existence of small amounts of polarisation but serves 
to determine the mean plane of polarisation of the incident light. 
The curves showing the relation between the reciprocal of the 
intensity of the light and the phase difference along the compen- 
sator are shown in fig. 6. Curve I is for light from a bright sky, 
curve II is for light from a dull sky. 

It is hoped to continue this work on the polarisation of light 
from clouds. 


Summary. 


The existence of a small amount of polarisation in light from 
a dull sky can be detected by the method described, when no 
indication of it can be obtained by means of the tints produced in 
crystalline plates. The direction of the mean plane of polarisation 
can also be ascertained. After passing through the polarising 
rhomb and compensator, the plane polarised vibrations in the 
incident light give rise to bands in the field of view of the com- 
pensator which are like the Babinet bands when the sky is bright, 
but are slightly broader and fainter when the sky is dull. These 
faint bands can be distinctly seen when the amount of polarisation 
is not sufficient to produce visible complementary tints in a selenite 
plate. When the sky is dull, plane polarised vibrations of widely 
different azimuths, reflected from neighbouring parts of the sky, 
are of importance and these give rise to the slight attenuation of 


the bands. 


I wish to record my indebtedness to Prof. W. M. Hicks, who 
for this investigation kindly placed the resources of the Physical 
Laboratory of the University of Sheftield at my disposal. 
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Note on the Action of Sunlight and of Radium Compounds on 
Glass. By W. A. Douaias Rupes, M.A., Professor of Physics, 
University College, Bloemfontein. 


[Read 6 May 1912.] 


It is probably well known that certain kinds of glass show 
a change in colour under the influence of ultra violet-light, 
Rontgen rays and radium emanations. The action of the first- 
named agent is very frequently brought to one’s notice in tropical 
countries, especially in elevated situations, as fragments of glass 
are found which have been highly coloured. All kinds of glass 
are probably influenced, but it is only in the case of the common 
white glass, from which tumblers, ete. are made, that the effect 
is very noticeable, and in this case the effect is so marked that 
a piece of glass 4 cms. in thickness may become nearly opaque. 

The writer has made some observations in order to find to 
what extent different kinds of glass were affected, and also if 
possible to make some kind of comparison with the rate and 
depth of colouration acquired by similar glass under the action 
of radium emanation. 

The experiments were carried out on thick-walled tubing of 
different kinds of glass. Lengths of a few cms. were taken, control 
samples kept in a dark chamber and others exposed to sunlight, 
or partly filled with a radioactive material. 


Experiments with sunlight. 


The action of sunlight varied with the nature of the glass and 
in some cases the maximum colouration was attained with two 
months’ exposure. <A perceptible effect is seen in a few days, and 
if a colouration occurs the depth of it may be compared with 
that shown by a longer length of the control tubing if a simple 
darkening had occurred, but this could not be done if a change 
in the actual trial had taken place. In the latter case it generally 
happened that after two or three months had elapsed no further 
colouration went on, and if a pink colour was acquired its depth 
could be ascertained by comparison with a standard solution of 
potassium permanganate. The specimen of common glass shown, 
had probably been lying on the veldt for not more than three 
years. 
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Typical cases of colouration of glass tubing by sunlight. 


Sept. 22nd. Exposed six pieces of glass tubing and rod to 

action of sunlight, control sampler being kept in the dark. 

(1) Piece of ordinary soft tubing colour greenish. 

(2) Barometer tubing colour pale grey green. 

(3) Barometer tubing slight pink tint. 

(4) Barometer tubing pale yellowish green. 

(5) Glass rod nearly white. 

(6) Jena hard glass tubing. 


Oct. 7th. 
(1) Had become darker in tint, about §. 
(2) Shghtly bleached. 
(3) Colour changed in tint and darkened 3. 
(4) Colour changed to a dull pink. 
(5) Colour changed to amethyst. 
(6) No change. 


Oct. 31st. 
(1) Lighter than on Oct. 7th. 
(2) . 3 , bleached to original condition. 
(3) Colour darker than on last occasion. 
(4) ” ” ”? 


”? 9 


(5) » 
(6) No change. 
Noy. 30th. No change since last observation. 


(5) ” » ” ” 


The action of radioactive material is very similar to that of 
sunlight; but it is much more intense as regards the final depth 
of colouration attained; it differs from sunlight in not (at first 
at all events) acting equally through the whole of the glass, 
but after several years the glass does become uniformly tinted. 
The rate of colouration* is not quite uniform, the innermost 
layer being more rapidly coloured than the outer layer, if, as is 
usually the case, the glass tube is not perfectly uniform throughout 
the substance of its walls. 

The specimen shown indicates the result of the action of 
3 centigrammes of a radioactive preparation stated to contain 755 
of its weight of radium bromide and the action had been going 
on for about six months. The tubing used is the same as No. 4 


* Proceedings Roy. Soc. South Africa, 1911. 
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of the samples submitted to sunlight. No comparison can be 
instituted between the two, but the action of the radium salt 
is much more intense than that of the sunlight. 

I believe that the amethyst colouration produced by the action 
of sunlight and of radium on glass to be due to the presence of 
manganese in the glass. It may be objected that quartz is also 
coloured by radium, but in this case I think it is quite con- 
ceivable that the small amount of manganese necessary to give 
the colouration may naturally be present in the quartz. The 
colouration in the case of quartz is destroyed by heating, and 
this is also the case with the glass specimens. 
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A Negative Result on the Refraction of X-rays. By J. CROSBY 
CHAPMAN, B.Sc., Layton Research Scholar, University of London, 
King’s College. Research Student, Gonville and Caius College, 
Cambridge. (Communicated by Professor Sir J. J. THomson.) 


[Read 6 May 1912.] 


THIS experiment gave a negative result when an attempt was 
made to refract X-rays by means of ethyl bromide vapour. It is 
one of many researches which have had the object of refraction in 
view. Most of these were carried out at a time when little was 
known of secondary and more especially homogeneous radiation. 
Owing to this it was thought advisable to try an experiment 
which would give more favourable conditions for obtaining evidence 
of refraction. 

It has been shown by several experimenters* that any substance 
with atomic weight greater than 40, emits when suitably excited 
by X-rays, a definite characteristic radiation. It is in connection 
with this characteristic radiation that this research was made. 

There are several hypotheses which have been brought forward 
to account for the fact that X-rays are not refracted by ordinary 
matter; one of these is that in all probability the X-ray pulse 
owing to its small diameter is incapable of atfecting more than 
a single atom, at any one moment. This would seem to be a very 
legitimate theory. In this experiment, however, the conditions 
are exceptional in that the known characteristic radiation is 
stimulated, and with our present knowledge it is impossible to 
make any hypothesis concerning the action which takes place 
when a primary pulse causes a bromine atom to emit a character- 
istic radiation. It is quite reasonable to suppose that when the 
bromine is excited there will be exceptional relations existing 
between the various atoms in the neighbourhood of the main 
disturbance. So that bromine may serve to refract X-rays only 
when it is itself excited. 

The two exceptional conditions under which it might be 
possible to detect refraction are as follows: (1) when the radiation 
which is to be tested as regards its refrangibility excites the 
radiation characteristic of the bromine vapour which is used as 
the prism: (2) when the radiation which it is attempted to refract 
in addition to merely exciting the characteristic radiation is 


* Barkla and Sadler, Phil. Mag. Oct. 1908; Chapman, Proc, Roy. Soc. A, 
1912, Vol. 86. 
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selectively absorbed by the bromine vapour. (1) will be referred 
to as general refraction since the whole range of radiation harder 
than the bromine characteristic radiation is capable of exciting 
the latter and therefore on this view would be capable of refrac- 
tion. (2) will be referred to as anomalous dispersion since in this 
ca something of the nature of a selective refraction is sought 
or. 

Although in the course of this paper, terms such as refraction 
and dispersion are used, it is not meant by this that the analogy 
between light and X-rays is to be pressed. In fact several 
phenomena of X-rays, especially in connection with absorption, 
would indicate that there can be no close resemblance between 
light and Réntgen radiation. 

The first part of the experiment is devoted to an attempt to 
detect general refraction; while the second part is an attempt to 
detect the presence of anomalous dispersion. 


General Refraction. 


In order to investigate whether there is any general refraction, 
a heterogeneous beam of X-rays was passed through a prism of 
ethyl bromide vapour. The bromine in this compound gave out 
an intense characteristic radiation* when excited by the primary 
beam used in this experiment.—The arrangement of the apparatus 
indicates the method adopted. Rays from an X-ray bulb at O, 
passed through three fine pin holes in lead screens placed a few 
centimetres apart in strict alignment with the anticathode. In 
this way an exceedingly narrow pencil of X-rays was obtained. 
The rays after leaving the screens passed through the prism P 
and eventually struck a photographic plate at H. The prism was 
made of brass with thin aluminium windows, constructed so as to 
be air-tight and the air inside was saturated with ethyl bromide at 
the temperature of the room. No rays struck the brass of which 
the prism was made. 

The method used to detect general refraction was as follows. 
The photographic plate was placed in position at H. This plate 
moved in a horizontal slide so that any desired portion of its 
surface could be exposed to the rays. The bulb was then worked 
to the required degree of hardness and the prism placed in the 
position # (see figure). The bulb was then run for ten minutes, 
the rays which passed through the prism striking the plate for 
this period of time. The photographic plate was now moved 
horizontally so that a new portion came under the action of the 
X-rays. The prism remaining in the position A, the tube was 


* Chapman, Phil. Mag. April 1911, 
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run for five minutes. At the end of this time keeping the plate 
in the same position, the prism was rotated into the position L. 
The bulb was again run for five minutes, thus the two exposures 
on the plate were both produced by rays acting over the same 
period of time. The reason of this method being used was that 
owing to the walls of the prism and ethyl bromide vapour 
scattering the primary X-rays, it was necessary to arrange so that 
the scattering, which in past experiments has caused great difficulty, 
should be the same in the two cases. It will be seen that with 
the above arrangement this essential condition is obtained: for 
owing to the narrowness of the pencil the path of the rays in the 
prism, if there is no refraction, is the same whichever position 
the latter occupies. 


R=position of prism indicated by continuous line. 
L=position of prism indicated by dotted lines. 


Consider now the effect of the two exposures on the plate. 
Obviously if there is no refraction the two spots obtained should 
be of the same size for the rays have passed straight through the 
prism suffering the same absorption and scattering in the two 
cases and in addition the length of each total exposure is the 
same. Suppose however refraction takes place, when the prism is 
in the position R, any refraction that occurs will cause a shifting 
of the rays in the direction Mz. That is, the spot will be slightly 
wider in this case than if no refraction existed. When however 
the prism is placed in position L, there will be a shifting of the 
rays in the opposite direction towards M;. So that in the latter 
exposure, which was given in two parts, we should get two spots, 
side by side or at least partially superposed. It is possible from 
the ditference in their diameters to obtain a limiting value for the 
refractive index. 
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The results are given below in tabular form: 
Angle of prism = 60°, 
Vapour pressure of ethyl bromide = 257 mms., 
Length of path of rays in prism = 5 cms. 


Distance from prism to plate = 30 ems. 


Bisie, | espace’ || aes Oe eee ee 
it a. R 10 mins. -241 cms. 

: B | i: : aan } 247 ems. 
ie a L 10 mins. ‘250 cms. 
" B ( = 2 an ‘248 cms. 
III a | i 10 mins. -243 cms. 
» | #8 jt Re | Bminn |f 297ome 

| 


Mean difference in diameter of spot 
Mike st pp es (8 —a) =:006 cms. 
(Double exposure — single exposure) 
That is the difference is within the limits of experimental error, 
therefore within these limits 
p=. 
The conditions of the experiment would have been sufficient to 
detect a beam of rays the angle of refraction of which when passed 
through the prism 
8 = 0° i (¢ 0% 
that is assuming angle of incidence on prism = 30°, the following 
value of the refractive index could have been measured, 


p = 1:0003. 

So that the result of this part of the experiment shows no 
general refraction by ethyl bromide vapour (even when its char- 
acteristic radiation is excited) by a method which if refraction had 
existed to such an extent that 


pe = 100038, 
the conditions of the experiment would have revealed its presence. 
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Anomalous Dispersion. 


Closely connected with the emission of the characteristic radi- 
ation is the phenomenon of selective absorption* which elements 
exhibit for radiations which are just more penetrating than their 
own characteristic radiations. This fact led to the idea that in 
the neighbourhood of an absorption band it might be possible to 
detect anomalous dispersion and thence establish refraction even 
though it was impossible owing to the small magnitude of the 
effect to detect the normal refraction phenomenon. 

The arrangement of the apparatus was similar to that in the 
first part of the experiment, though the method used was, for the 
sake of convenience, slightly modified. Heterogeneous X-rays 
direct from a Roéntgen bulb served as the beam which it was 
attempted to refract abnormally. It might appear that it would 
have been more desirable to work with secondary homogeneous 
rays as the source, as in this case had anomalous refraction existed 
the whole beam on account of its homogeneity would have been 
refracted to the same extent. It will be seen however that it is 
much more desirable to use a heterogeneous primary, for apart from 
the fact that exposures of a day or more would have to be given 
when using the feeble secondary radiation in place of the primary 
beam, theoretical considerations show that the most likely type of 
radiation to sutfer anomalous dispersion is that which is of such 
a degree of hardness that it is absorbed to a maximum extent by 
the ethyl bromide vapour. Had a homogeneous radiation been 
used, it would have been impossible owing to the comparatively 
few elements which emit characteristic radiations to select an 
element which just happened to emit a radiation which was 
absorbed to a maximum extent. When however a heterogeneous 
beam from an X-ray bulb is employed, there is in the radiation 
leaving the tube rays of varying degrees of hardness and if a 
suitable bulb is used it can be arranged that the radiation should 
contain rays of that order of penetrating power which is necessary 
for selective absorption in the ethyl bromidet. So that the 
heterogeneity of the rays is an advantage in that any type of 
radiation which can be anomalously refracted will be present in 
the primary beam and will separate itself from the main beam on 
leaving the prism. The X-ray bulb was fitted with a palladium 
side tube for softening so that it was possible to adjust the bulb 
so that the mean penetrating power of the heterogeneous rays 
was of any desired value. 

Having shown in the first part of this experiment that there is 
no general refraction, it is possible with a single exposure of the 
plate to investigate whether there is any appreciable anomalous 

* Barkla and Sadler, Phil. Mag. May, 1909; Chapman, Proc. Roy. Soc. A, 
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dispersion. This was done as follows: the prism was placed in 
the position R and the plate at H was exposed for ninety minutes. 
A long exposure was desirable owing to the fact that only a small 
constituent of the primary rays will suffer anomalous dispersion. 
It was not thought advisable to adopt the method used in the 
first part of the experiment as it was impossible to keep the bulb 
constant over a period of two hours even though intermittent 
runs were given. Had it been possible to keep the bulb constant 
for such long periods the two parts of the experiment could have 
been done at the same time. Of course had a large constituent 
of the primary beam been anomalously dispersed, the first part of 
the experiment would have detected it; the second part was 
performed in order to obtain a record on the plate even if only 
2°/, of the heterogeneous primary was of that degree of hardness 
necessary for selective dispersion. All previous experiments which 
tested the rays coming from a primary bulb show that with a 
bulb such as that used, a greater percentage of the rays than this 
would be in the region where selective absorption is obtained. 

It will be seen that in the case of a single long exposure, if 
dispersion takes place, there should be obtained on the photo- 
graphic plate the central spot corresponding to that constituent 
of the beam which the first experiment has shown is not refracted, 
and in addition to this and partially or wholly separated from it 
another spot or streak showing the position of the dispersed rays. 

When this experiment was tried only the central spot was 
obtained and there was no trace of any other mark on the plate. 
Previous experiments had shown that if the whole of the primary 
rays fell on the photographic plate an appreciable effect was 
produced in thirty seconds. The method of the experiment would 
certainly have detected a dispersion of the rays corresponding to 
a refractive index 

w=1-005. 

That is when an attempt was made to detect an anomalous 
dispersion of X-rays, by a prism of ethyl bromide vapour, using 
a primary beam of that degree of hardness which is necessary for 
selective absorption, the experiment shows that 2°/, of the total 
beam was not refracted to such an extent that 

w=1-005. 

Although this experiment has failed to show refraction, it 
seems advisable to publish it, in the form of a short note, as it 
would appear that it has been performed under the limiting 
conditions, and as this method has failed, attempts on the old 
lines, using prisms of scattering materials such as carbon, are quite 
out of the question. 

I wish to thank Sir J. J. Thomson for his interest in this 
experiment. 
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The Structure and Homology of the Microsporidian Spore, as 
seen in Nosema apis. By H. B. Fantuam, D.Sc. Lond., B.A, 
Christ’s College, Cambridge, and ANNIE PorTER, D.Sc. Lond., 
F.L.S., Quick Laboratory, Cambridge. 


[Received 15 May 1912—Read 20 May 1912.] 


I. Introduction. 


DuRING our investigation of the life-cycle of Nosema apis, the 
pathogenic agent of “Isle of Wight” disease in bees, a detailed 
study was made of the spore structure with the result that the 
complicated morphology of the minute spores of the parasite was 
elucidated. A short account of the structure of the spore of 
NV. apis is given in this paper, followed by suggestions for homo- 
logising the structures seen. 


IT. Structure. 


The mature spore of Nosema apis is, on the average, 5 uw by 
2 in size. Despite its minuteness, it contains cytoplasm, a 
coiled thread that may reach 60 wu in length, and, according to its 
age and period of development, from one to five nuclei. 

Each oval spore is enclosed in a highly resistant and ultimately 
opaque, firm membrane, the sporocyst (Fig. s.c.). The cytoplasm 
within the mature spore forms a median, peripheral girdle or ring 
known as the sporoplasm, leaving thus a vacuole at both poles of 
the spore. One vacuole usually is smaller than the other, and as 
the coiled thread mentioned previously is ejected through it for 
purposes of attachment of the spore toa host cell, it may be termed 
the anterior vacuole or polar capsule (Fig. p.c.). The larger 
vacuole, then, is posterior (Fig. v.), and is the more marked in 
a fresh, untreated spore. When the spore is treated with certain 
reagents, such as iodine water or dilute acetic acid, the long thread, 
formerly coiled up in the posterior vacuole, is seen to protrude 
from the smaller, anterior vacuole. The thread is the polar 
filament (Fig. pf), which, as it is concealed usually in life, and 
invisible in the mature spore until after treatment, is cryptocystic. 

A spore is produced from a single, uninucleate mother cell, 
known as a pansporoblast or sporont; hence the pansporoblast is 
monosporous in Vosema apis. 

The attainment of the quintinucleate condition of the spore of 
Nosema apis is the result of a series of divisions of the original, 
single nucleus, the process being as follows: The nucleus of the 
young spore divides into two similar nuclei by a process of division 
which might be termed amitotic, but is probably a sort of 
promitosis intermediate between mitosis and amitosis. From one 
of the daughter nuclei a small bud is given off, which passes to 
the polar capsule. The nucleus thus budded off is the polar 


capsule nucleus (Fig. p.c.v.). The remaining nucleus from the 
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original division divides into two small nuclei (Fig. s.n.), which 
gradually pass to the periphery. Their function appears to be 
that of controlling the secretion and growth of the sporocyst. 
Hence, considered from the point of view of their function, they 
are most appropriately termed the sporocyst nuclei (Fig. s.n.), 
though by homology with similar structures in Myxosporidia, the 
name of valvular or parietal nuclei is often applied to them. The 
sporocyst nuclei become elongate and thread-like, and closely 
applied to the peripheral cytoplasm of the spore. The remaining 
nucleus of the sporoplasm divides into two (Fig. 7.) ultimately, 
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Spore of Nosema apis. 


Slightly diagrammatic. As seen after long staining with Romanowsky solution. 


p.c. polar capsule or anterior vacuole. 
v. posterior vacuole. 
n. sporoplasmic nuclei. 
sm. sporocyst (valvular or parietal) nuclei. 
p.c.n. polar capsule (capsulogenous) nucleus. 
p.f. polar filament. 
s.c.  sporocyst. 


and the mature spore then contains five nuclei arranged thus: 
a binucleate sporoplasm, the sporocyst nuclei at the periphery, 
and a polar capsule (capsulogenous) nucleus anteriorly. These five 
nuclei show slight variation in size and shape in different spores. 
They do not all persist in the spore for the same length of time, 
as the polar capsule nucleus and the two sporocyst nuclei gradually 


degenerate after fulfilling their function. 
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III, Homology. 


If endeavour be made to compare the quintinucleate spore of 
a Microsporidian like WV. apis with the spore of a Myxosporidian 
such as Myzobolus, similar elements are found to be present in the 
latter, though the numbers of each element may differ. Myaxobolus 
has a sporoplasm (usually binucleate), two polar capsule cells 
which are present as definite cells, and two nucleated valvular 
cells. Each valvular cell gives rise to one of the valves of the 
bivalved spore. 

When intermediate and annectant forms like Coccomyzxa and 
Telomyxa are considered, the relationship is much more evident. 
Coccomyxa morovi, a parasite of the Sardine, is a monosporous 
Myxosporidian, whose single, bivalved spore contains a clearly 
visible, single polar capsule. Within the spore there is a bi- 
nucleate sporoplasm, two nucleated valvular cells and one polar 
capsule cell. The structure of the spore of Coccomyzxa, then, is 
strongly suggestive of that of Nosema apis. They are alike as 
regards the binucleate character of the sporoplasm, the sporocyst 
is formed under the influence of two sporocyst or valvular nuclei 
and the polar capsule is provided with a nucleus in each case. 
The sporocyst of NV. apis is homologous with the bivalved shell or 
spore-membrane of Coccomyzxa, and the comparison may be em- 
phasised by the fact that in certain young spores of NV. apis 
examined by us, a “line of weakness,” more or less longitudinally 
disposed, has been found, though the mature spore of IV. apis is 
never bivalved nor has it a sutural line. Such a line of weakness 
in NV. apis spores may represent a transitory ancestral feature. 

The polar capsule of NV. apis is cryptocystic, that of Coccomyxa 
morovi is easily seen, as in most My«osporidia, but in each case 
the polar capsule arises from a potential nucleated cell. Coc- 
comyaza, then, is a Myxosporidian with certain marked Micro- 
sporidian characters, and as such, is a valuable link between the 
two groups. 

Nor is evidence from the Microsporidian side of the close 
relationship between the two groups lacking. Recently a patho- 
genic Cnidosporidian from the fat body of the larva of Ephemera 
vulgata has been described under the name of Telomyxa glugei- 
formis. Internally, the spore of the parasite presents a definite 
Myxosporidian feature in that two polar capsules are present, but, 
on the other hand, it has the undoubted Microsporidian character 
that the polar capsules are cryptocystic. In addition, like Vosema 
apis spores, the Telomyxa spore shows two valvular nuclei, which 
are seen with difficulty even in stained preparations, but two polar 
capsule nuclei are present as in most Myzxosporidia. 

Coccomyxa and Telomyzxa thus provide two bridges of the gap 
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existing between the Myxosporidia as exemplified by Myxobolus, 
and the Microsporidia as represented by Nosema. 

Before concluding, we should like to refer to a recent paper on 
the Sarcosporidia by Crawley. The systematic position of the 
group Sarcosporidia is still somewhat uncertain, though they are 
usually considered to be related to the Cnidosporidia. In the 
spore of Sarcocystis rileyt, parasitic in ducks, Crawley found two 
vacuoles and two chromatin masses successively alternating with 
each other. The first (anterior) vacuole is probably homologous 
with the polar capsule of the Cnidosporidia, the first nucleus is 
compact and elongated and may be homologous with the parietal 
nuclei of the Cnidosporidia or possibly with the polar capsule 
nuclei—more probably with the compact parietal (somatic) nuclei. 
The second vacuole may be homologised with the posterior vacuole 
of various Microsporidian spores, while the second nucleus, which 
is vesicular, is probably homologous with the vesicular nuclei of 
the developing spores of Myaobolus or of Paramyxa and represents 
the nuclei of the sporoplasm, which may be germinal in character. 
Crawley has made no attempt to homologise the structures described 
by him in the spore of Sarcocystis, so we offer these suggestions in 
the hope that those having the opportunity to examine the very 
interesting group of the Sarcosporidia, will pursue the matter 
further. 
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Molecular Attraction and the Radius of the Sphere of Action 
of a Molecule. 


The radius of the sphere of action of a molecule in a gas is 
probably largely due to the field of force surrounding it. In- 
formation on this point can be obtained by comparing the radius 
deduced from viscosity data with that deduced from the density 
of the substance at the absolute zero. In the latter case the 
molecules have no motion of translation and are therefore in 
‘contact’ with one another. The diameter co, of the sphere of 
action from viscosity data is given* by the equation 


where 7 denotes the coefficient of viscosity, VY the number of 
molecules per c.c., p the density of the gas, and V the velocity of 
translation of a molecule. Denoting by mg and m the absolute 
and relative masses of a molecule we have 


a8 
5) 
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where 7 denotes the temperature and Ff is the gas constant 
whose value is 8°26 x 10’, and the above equation may be written 


2b Doda 
c= = APT, 2 ance SE (1). 


The diameter co, obtained from the density of the substance at 
the absolute zero may be taken to be approximately given by 
the equation 


since according to Cailletet and Mathias’ linear diameter law the 
density at the absolute zero is about four times the density p, at 
the critical point. 

If the molecules exert attraction upon one another for all 
distances of separation, we should expect that o, is greater than 
o,. This is shown for two gases at zero temperature in Table I. 


* Jeans, Dynamical Theory of Gases, p. 250. 
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TABLE I. 
| 
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We should also expect that a, depends on the temperature. 
An increase of temperature produces an increase in the velocity 
of translation of the molecules, and consequently the deflection 
of one molecule by another caused by their molecular attraction 
is on the average decreased. Hence the value of o, should 
decrease with increase of temperature. This is shown in Table II 
for two substances at different temperatures. 


TABLE IT. 
O71 1| o i 
; ai for | ; a for 
Benzene Carbon dioxide 
| | 
) 3-59 x 10-8 em. 0 | 2-94 x 10-8em. 

19 sao | 53-5 ota. ee 
100 2-63 35 162-4 2:01 A 


Since o, decreases with increase of temperature, a temperature 
may exist for each substance which corresponds to o;= 02, or 
even to o,<o,. Two examples of o, being less than a, are given 
in Table III. This could not be the case if the force between 
two molecules is one of attraction for all distances of separation. 


TABLE ITI. 
t=0° 30) 3 
Carbon dioxide ...... 2-21 x 10-8em. | 2:94 x 10-8em. 
Nitrous oxide ...... | 2°22 - 3°28 xP 


It appears therefore that for small distances of separation the 
force changes to repulsion. A region would then exist around a 
molecule through which another molecule might be able to pass, 
but which would not be occupied by matter when the molecules 
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are at rest at the absolute zero. The region of contact between 
two molecules would at that temperature be that where the force 
of attraction changes to repulsion. In a subsequent paper we 
shall obtain further evidence of the existence of this region. 

The temperature at which o, becomes equal to o, is very 
likely a corresponding temperature. The values of o, in Table III 
are calculated for temperatures much above the critical tem- 
peratures of the substances, and the values of o, in Table I for 
temperatures much below the critical temperatures. If the 
temperatures in the latter case were the same multiple of the 
critical temperature as in the former, o, would probably in this 
case also be less than oy. 

That the diameter o, of the sphere of action of a molecule 
probably obeys the law of corresponding states can be shown as 
follows. If it is principally due to the field of force surrounding 
the molecule it is approximately proportional to the distance of 
approach of two molecules at which their mutual potential and 
kinetic energies are equal to one another, this being the distance 
of approach at which the molecules do not separate again. The 
attraction of one molecule on another is given by 

‘T a\(2NmyP _ (=Vm,)? 

? (pT S| eas () an 

where z denotes the distance of separation of the molecules and 
2, that in the critical state, 7, denotes the critical temperature, 
and Vm, the sum of the square roots of the atomic weights of 
the atoms of a molecule. In a previous paper we have shown 
that (f@) may be taken approximately a function of the tempera- 
ture only*. The foregoing condition is then expressed by the 
equation 


TH Ns ($)(2Vm)y a 
xz 2 


where o; denotes the distance of separation of the molecules. 
Eliminating 7’ from the equation by means of the equation 


p= (8) (Svmy, 


i 1 
we obtain a 3) (pe = e Ly. 
p/ HH? \pe 
where H? and D are the same for all substances at corresponding 
states, and a is a constant. It follows therefore that the values 
of o; for gases at corresponding temperatures are the same fraction 
or multiple of the values at the critical temperatures. 


* Proc. Camb. Phil. Soc., Vol. xvt. Pt vi. pp. 554,555; Phil. Mag., May 1910, p. 802. 
+ Phil. Mag., Oct. 1911, p. 578; May 1910, p. 788; Oct. 1909, p. 509. 
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Viscosity and Diffusion of Gases. 


The results obtained in the previous section indicate that the 
field of force surrounding a molecule has a great influence on its 
radius of sphere of action in the gaseous state. To further test 
this let us assume that a molecule has no appreciable volume 
but consists of a centre of force possessing a certain mass, and 
obtain a formula for the coefficient of diffusion on this supposition. 

Maxwell has obtained a formula for the coefficient of diffusion 
of one gas into another on this supposition, assuming that the 


attraction between two molecules is given by = where B is a 


constant which depends on the nature of the gas. This law is 
the same in form as (3) assuming (¢) a constant or a function of 
the temperature only. The coefficient of diffusion D of a gas 1 
into a gas 2 is then given by 


=) Cpe pene 
Pips B r p’ 
= M, (Ml, + M,) 


where p, and p, denote the partial pressures and p, and p, the 
partial densities of the gases, M, and M, denote their molecular 
weights, p= p,+ 2, and A isaconstant. Let us consider the case 
when the number of molecules 1 is small in comparison with the 


number of molecules 2, so that p=p,. Since Bos, the 
1 Lu 
equation may then be written 
RT 1 
= Mp. ie a pian Fe cee ewww eee (4). 
(M, M, (M, + M,) 


The coefficient of diffusion of a molecule in a gas of the same 
kind is according to (3) and the foregoing equation given by 


seins 
(6)? ME Vm, 


where C, is a constant. This coefficient of diffusion cannot be 
measured in practice. But we can transform the equation into a 
form which is more useful. According to the kinetic theory of 


gases D=, where » denotes the coefficient of viscosity, and 


equation (5) may be written 
_ OTM? 
" (G)E Vi 


where C,, is a constant. 
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It is most convenient to apply equation (6) to substances at 
corresponding states since (#) is then constant. Table IV gives 


TABLE IV. 
7107 (Exp.) | 7107 (Cal.) 
Carbon tetrachloride 1950 1630 
Chloroform........... 1905 | 1681 
Ethy] propionate ... 1074 1006 
IBenzene ecaccc eee 1057 1194 
Methyl formate...... | 998 | 1284 
Ethyl oxide ......... | 745 |- 969 


the values of 7 for a few substances corresponding to 2427’, given 
in a previous paper by the writer*, and the values of » calculated 
by equation (6) putting C/(d)2 = 10-25. Only a rough agree- 
ment between the two sets of values is obtained. But a good 
agreement cannot be expected, since (¢) is strictly a function of 
the distance of separation of the molecules and of their tempera- 
ture; moreover, the interaction of the molecules must to some 
extent be influenced by their actual volume. This point will be 
reconsidered in a subsequent paper. 

In a previous paper the diffusion of one gas into another of 
a different kind was calculated by means of equation (4). The 
law of attraction between two molecules which are different is 


K,= Vm, Vm, , 
: - >, where K, is a 


taken in conformity to (8) to be 


function of the temperature. Taking K, a constant a fair agree- 
ment between calculation and experiment was obtained f. 


The Constitution of a Molecule and the Form of (¢). 


It appearst from considerations of the Joule-Thomson effect 
that the attraction between two molecules separated by a con- 
stant distance is roughly inversely proportional to the temperature. 
Since (#) may be taken approximately a function of the tempera- 


ture only, it may be written p where k is a constant. It will 


* Phil. Mag., Sept. 1910, p. 447. 
+ Ibid., May 1910, p. 807. 
* Proc. Camb. Phil. Soc., Vol. xv1. Pt vi. p. 557. 


TRE 


eee 


ee cos 


OS EA, 


of Internal Energies of a Substance. 


TABLE V. 
T 7107 
LE a er | 273 2104 
Stan v 2733 
| 456-7 | 3221 
"ey tale lle eh Ms 273 | 1891 
| 339-6 2348 
| 457-6 2699 
Peedcasen. E. ! o....cccsa cee 273 822 
326-4 976 
372°2 1059 
575 1392 
irerogerns IN. 39:..526< ct s.3-- 251-5 1563 
293 1840 
326°5 1894 
Carbon dioxide, CO,......... 273 1414 
326°5 1638 
435-4 2143 
Methyl! chloride, CH,C! 257°7 936 
Shan 1384 
455-4 1706 
DEDY Pals 29 
Chloroform, CHCl, ......... 273 959 
290-4 1029 
334°2 1890 
Pithylene,; ©,H, .......-.:...-- 273 966 
326 1096 
455-4 1530 
575°6 1826 
euzene, CoE, 24.0.2 -2.83hie2 273 709 
Heese) 1176 
Methyl isobutyrate, C;H,,O, 297 754 
Bye: 1122 
Propyl acetate, C;H,,0, 288 743 
373 1096 
Isobutyl acetate, C;H,.0,...| 289°1 764 
Sy (3) 1120 
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therefore be of interest to compare the values of 7 for different 
temperatures given by equation (6) for two cases: when this 
expression is put for (¢), and when (@) is supposed to be a 


constant. We should then respectively have »=B, T? and 
n = BT, where B, and B, are constants. The comparison is best 
carried out by calculating the values of B, and B, for ditferent 
temperatures from the facts and comparing them with one 
another. Table V gives the values of B, and B, calculated for 
a number of substances. The interesting result is obtained that 
the former of the above equations fits the facts best in the case 
of complex substances, and the latter equation in the case of 
simple substances. In fact there seems to be a gradual change 
in the applicability of each equation as we pass from the simplest 
to the most complex substances or vice versa. The results show 
that the simpler the molecule the less (f) in the law of molecular 
attraction depends on the temperature. It seems probable from 
the results that in the case of an atom (¢) is very approximately 
independent of the temperature. The significance of this result 
will be pointed out towards the end of the paper. 

We have obtained evidence in this paper and in previous 
papers that (¢) may as a rough approximation be taken a function 
of the temperature only. It will be of interest to see whether this 
fits in with the result that the attraction between two molecules 
decreases with increase of temperature, for which we obtained 
evidence in this paper and in previous papers. 

The formula for the surface tension then becomes* 


A= () (Pr — pe) B, 
where B is a constant. In a previous papert we have shown 
that % = C (p, — p.)*, where C depends only on the nature of the 
liquid. Comparing the two equations we see that 


($) = (pr — pa)? 


and thus ($) decreases with increase of temperature. It varies 
approximately inversely as the temperature. 
The equation for the internal heat of evaporation becomes ft 


4 4 
L = L, — L,=(¢)(pi* — p*) D, 
where D depends only on the nature of the liquid. In a previous 
paper§ we have shown that (#) (there denoted by A) decreases 
with increase of temperature in this equation. But the decrease 
is not so rapid as in the foregoing equation. 


* Phil. Mag., Oct. 1911, pp. 566—588. + Ibid., Jan. 1911, pp. 99—101. 
+ Loe. cit. § Phil. Mag., May 1910, pp. 795—797. 
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In the same way we obtain for the intrinsic pressure the 
equation * P= (6) p2&, where # depends only on the nature 
of the liquid. Since P,, = L,p, approximately +, and L, = (¢) p:°D, 


we also have P, =(¢) aie D. We know that in this equation (¢) 
decreases with increase of temperature, and this applies therefore 
also to the above equation. 

The fact that (¢) does not vary with the temperature to the 
same extent in each equation is due to () not being strictly 
a function of the temperature only. 


A Formula for the Internal Heat of Evaporation. 


In a previous paper we have given a method of calculating 
the heat of evaporation given the law of molecular attraction and 
supposing that the internal energy of a molecule is independent 
of the vicinity of other molecules. The method given can, how- 
ever, be replaced by one that gives a more accurate result. 

The distribution of the molecules must satisfy the conditions 
given in a previous paper{. According to these conditions the 
molecules must be situated at the points of intersection of three 
systems of parallel equidistant planes. 

We have shown in a previous paper§ that the internal heat 
of evaporation per grm. of substance is independent of the mass 
of substance allowed to evaporate unless it is extremely small. 
To obtain the correct mathematical expression for the heat of 
evaporation of a molecule we must suppose, however, that we are 
dealing with an infinitely large mass of liquid. Let us suppose 
that it is in the form of a cube, and that the systems of parallel 
planes by means of which the molecular distribution is defined 
are taken parallel to the sides of the cube. Suppose a surface 
layer of molecules moved to infinity, and the molecules of the 
layer then separated from one another by removing the molecules 
of each row consecutively beginning at one end of the row, and 
dealing with the rows consecutively beginning at one edge of the 
layer. Let the process be repeated till there are no molecules 
left. The average work done per molecule is the energy necessary 
per molecule to separate the molecules an infinite distance from 
one another. 

Instead of removing the layers of molecules successively we 
may suppose them to remain in their position and the molecules 
of each layer separated in the same way as before. It will be 
evident now on consideration of the foregoing process that the 
average work done in removing a molecule of the cube to infinity 


* Phil. Mag., Oct. 1910, pp. 666—669. t Loe. cit., pp. 669, 670. 
+ Phil. Mag., April 1911, p. 537. § Ibid., Jan. 1911, p. 90. 
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is equal to that done in removing the centre molecule of one of 
the surface layers of the cube, supposing half of the row of 
molecules in which this molecule lies and all the molecules of the 
layer on one side of this row to be absent. 

Let this molecule be denoted by a in the figure, which gives 
a horizontal and vertical section through a of the cube. Let the 
position of the molecule be taken as origin of coordinates and 
the axes taken parallel to the edges of the cube, and the notation 
as shown in the figure. Let the distance between two molecules 
parallel to one of the edges of the cube be denoted by ay. 


Consider the molecule a placed on the axis of # at a distance 
nt, from the origin. Its coordinates are now (na, 0,0). Let 
the coordinates of a molecule in the cube be (way, ug, va%q), 
where w, u, and v, it will be noticed, can only assume zero and 
integral values. The component of attraction of this molecule 
on the molecule a along the axis of # is therefore, according to 
the law of molecular attraction (3), equal to 


$ (Fe 2) } = ~ ee) (= ble 


Zz 


where z is the distance of separation of the two molecules, and 

NL + Wy 
ae 
line joining the molecules. The value of z from geometrical 
considerations is given by 


) the cosine of the angle between the axis z and the 


z= \(ntq + Wa) + Whe + Ve} =H Vi(n + WP + w+ VF} 


The work done in moving the molecule a against the attraction 
of the remaining molecules of the cube along the axis x from the 
position (0, 0, 0) to infinity may be divided into three parts. One 
is the work done against the attraction of the row of molecules 
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C102, which consists of half a row of molecules minus one. This 
is equal to 


= / a en (2 Vin) Vm)? n.dn 
> sf (p).(2Vmy —" .da= =i (p). a Gas a 


Another part is the work done against the attraction of the 
layer of molecules d, e, f, g, which consists of half the surface 
layer of the cube minus one row. This work is equal to 


V=BD U=B 


S “S” [(@).vmy 


v=—-o u=1 -0 
i as u= cal ' ), (ee Vm)? (1 + w) .dn 
ht ? La" (n? + u? +07)? ; 


(NXa + | Sa 


v=-o uw=1 


The remaining part is the work done against the attraction of 
the molecules of the cube minus the surface layer. This part is 
equal to 


vam usm w= Sas (6). (SVm) (n+w).dn 
*) ae (at uP+ eter 


v=-42 U=—H w=l 
The sum of the foregoing three expressions may be written 
i Mt a) ee, i 


If p, denote the density of the liquid, p, the critical density, and 
Mz the absolute molecular weight of a molecule, 


ma\? Me\? 
La = ( "| and 2,= ) : 
Pi Pe 


Therefore if LZ, denote the energy required to separate the 
molecules of a gram of liquid by an infinite distance from one 


another 
Eee (7 bey ( ey Cui ae (7). 


Be ad Nay Ma 


Similarly, if Z, denote the corresponding energy in the case of a 
gram of the saturated vapour 


is F =) | = ik ee Eeered (8), 


where p, denotes the density of the vapour. The heat of evapo- 
ration J is accordingly given by 
Ti De geen gate otek ace Wea (9). 
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ce 
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Deductions supposing (pb) a Function of the Temperature only. 


If we assume that (¢) in the law of molecular attraction (3) 
is a function of the temperature only, we obtain from the previous 
section that 


ees. 
T, =158(¢) ©), (Sig) See oe (10), 
Me? 


on evaluating the infinite series. The intrinsic pressure P, is 
then given by 


P,= 5, (Ge), = (GZ), =- 180) (2)! (ovmy §=— Lapa 


Ma 


where wv denotes the volume of a grm. of substance. 

On the assumption that matter is evenly distributed in space 
we obtained P,,=— Lp, in a previous paper. The values of P, 
given by each of these equations agree on the average almost 


equally well with those given by the equation P,, =— eA , which 


depends on the assumption that the internal energy of a molecule 
is not influenced by the vicinity of other molecules. 
We can now test whether the form obtained for ZL, in the 


previous sections is mathematically correct. It is possible to 
; L 7 ae 
calculate P, directly?. We then have P,= 5" , which is in- 


dependent of the nature of the law of molecular attraction, where 
v denotes the volume of a gram of substance. Using the law 
(3) and assuming that (@) is a function of the temperature only, 
we obtain 


1 $ ENS 1 5 i 
2:06 (¢) = (SV m,)? = 2'10(¢) (= Vm,), 
showing that the formula is mathematically correct. 


An Absolute Value of (¢). 


It is of interest to obtain a value for (¢) for a given temperature 
on the supposition that it is a function of the temperature only. 
Equation (10) may be used for this purpose. In the case of ether 


- = 
at =. ° we have L,=75'4x 42 x 10’, p,= "6907, =m, = 278, 


* Proc. Camb. Phil. Soc. Vol. xvi. Pt vi. pp. 543-544. 
+ Loc. cit. 
~ Phil. Mag., Oct. 1910, pp. 666, 667. § Loc. cit., p. 543. 
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Mq = 74 x 161 x 10-* grm., where 1°61 x 10-* grm. is the mass 
of a hydrogen atom as obtained by Rutherford from experiments 
on the a particle. We obtain accordingly 


(p) = 2°97 x 10-* (grms.) (em.) (sec.)~. 
It will be observed that (@) gives approximately the attraction 


between two hydrog 


c 
3 
The gravitational attraction between two molecules in a 
liquid separated by the average distance of separation of the 
molecules, is vanishingly small in comparison with the ‘chemical’ 
attraction. For example, the ‘chemical’ attraction given by 
c€ 


220M, m 
Se ; 


aratds tastes is equal to 665 x10 dynes. The gravitational 


z; 
ma) between two ether molecules at under those 


—, that is, equal 


to 7:34 x 10-* dynes. The attraction in the latter case is thus 
vanishingly small in comparison with what it is in the former. 

According to the above value of (¢) the ‘chemical’ attraction 
is greater than the gravitational for distances of separation of the 
molecules of the order 10cm. This shows that the attraction 
decreases more rapidly with the distance of separation of the 
molecules for large distances than that given by the inverse fifth 
power law, as we might expect. But for distances of separation 
of the order of that of the molecules in the liquid state the 
approximate expression for the attraction should very approxi- 
mately represent the facts. 

The attraction between two electrical charges e of opposite 
sign separated from one another by a distance equal to the 
average distance of separation of the molecules of liquid ether 


at =. , is equal to 465 x 10° dynes. This attraction is greater 
than that given above for two ether molecules. But the attraction 
between two molecules much heavier than ether molecules could 


easily be of the same magnitude. 


The Average Velocity of a Molecule in a Substance. 


We have shown that the velocity of a molecule in a sub- 
stance at a point where the forces of the surrounding molecules 
neutralize one another is the same as in the gaseous state at the 
same temperature. But at other points the velocity will be much 
greater due to the attraction of the molecules on one another, 
and the average velocity is therefore much greater than that 
corresponding to the temperature. This can be easily proved 


40—2 
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to be the case. For example, the increase in kinetic energy of 
two ether molecules, when they approach one another from the 


T. 


3 


average distance of separation of the molecules in ether at 


to half that distance, is equal to 
vmy (1.1 Ee cn (tia) 
(¢p). n (cay =)» where z= 
Now p,=°6907, m, = 74x 161 x 10 grm., (¢) = 2°97 x 10%, 


=m, = 27°8, and the increase of kinetic energy is thus equal to 
9:0 x 10 ergs, which corresponds to an increase of velocity equal 


to 61 x 10: a for each molecule. The average velocity is prob- 
ably much greater than this value. It is consequently greater 
than 3:03 x 10*—— 

It follows therefore that the form of the right-hand side of 
van der Waals’ equation of state, which depends on the assumption 
that the average velocity of a molecule is independent of the 
density of the substance, must be considerably modified. This 
will be carried out in a subsequent paper. 


, the velocity corresponding to the temperature. 


Remarks. 


In this and a preceding paper we have endeavoured to separate 
the effects due to U, the energy necessary per molecule to separate 
the molecules of a mass of substance by an infinite distance from 
one another, and wu, the internal energy of a molecule. It appears 
that this is only possible to a certain extent. It appears that U 
and w always occur together thus (U+wu—u,), where ug is the 
value of wu of a molecule in the gaseous state. But this will not 
affect any of the general conclusions we have arrived at in con- 
nection with the law of molecular attraction of which U is a 
function, on the supposition that (w— wg) may be neglected in 
comparison with U. It follows directly from the law of cor- 
responding states that U and (w—w,) are of the same general 
form, which will be shown in a subsequent paper. It follows also 
at once from some previous investigations by the writer. The 
equation for the internal heat of evaporation is 


L=U,-—U,+ uy, — te, 


where the suffixes 1 and 2 refer to the liquid and its saturated 
vapour respectively. On deducing an expression for Z by means 
of the law of attraction (3), supposing (w,— wu.) negligible in 
comparison with (U,— U,), we obtain that Z must obey the law 
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of corresponding states*, This is found to agree with the facts. 
It follows therefore that either the supposition made is true or 
the general form of u,—w is the same as that of U,— U,, that 
is, both are of the form 


(ry B)(fa) Cevmy 


That the internal energy of a molecule is very likely not 
changed very much by the vicinity of other molecules follows 
from the following considerations. In deducing a formula for 
the energy necessary to separate the molecules of a substance 
by an infinite distance from one another we may suppose the 
molecules devoid of motion and distributed in space in a certain 
way. One of the conditions determining this distribution is 
that the force on each molecule by the surrounding molecules 
must be zero. It follows therefore that if the molecules consist 
of points they would be, whatever the density of the substance, 
in the same condition at their mean positions as in the gaseous 
state, and would therefore probably possess the same internal 
energy in all cases. But since it is fairly certain that the atoms 
of a molecule are not concentrated at a point, the internal energy 
must be influenced by the surrounding molecules. Thus when 
a molecule is at its mean position the effect of the surrounding 
molecules is to produce a radial force acting outwards from a 
point in the molecule, which neutralizes the attraction between 
the atoms to a certain extent. This would change the con- 
figuration of the molecule and consequently its internal energy. 
But one would expect that this change in internal energy would 
not be large. 

A change in the configuration of the atoms in two molecules 
would produce a change in their law of attraction. Thus if the 
distances of separation of the atoms of each molecule in a sub- 
stance are increased, i.e. each molecule is expanded, the attraction 
of the molecules upon one another is increased if the number 
of molecules per c.c. remains unchanged. This will at once be 
evident when it is pointed out that for any two molecules the 
distance between the atoms nearest to one another is decreased 
while the distance between the atoms furthest away from one 
another is increased. The increase in the attraction between 
the atoms in the former case is greater than the decrease of 
attraction in the latter case, and thus on the whole there is an 
increase in attraction between the molecules. Thus the law of 
attraction between two molecules should depend to some extent 
‘on the vicinity of other molecules. 


* Phil. Mag., Oct. 1911, p. 577. 
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The internal energy of a molecule is known to increase with 
increase of temperature. The increase is the greater the more 
complex the molecule. When a molecule consists of a single 
atom there appears to occur no change in internal energy. This 
suggests that the change in internal energy of a molecule with 
change of temperature is due to a change of the configuration 
of its atoms. We should therefore expect from the foregoing 
considerations that there would also occur a change in the attrac- 
tion between two molecules with change of temperature, and that 
this change would be the greater the more complex the molecule. 
This fits in with the results obtained in the second section of this 
paper, according to which (¢) depends less on the temperature 
for simple molecules than for complex. 

Tt follows also that the further two molecules are apart, that 
is, the greater their distance of separation is in comparison with 
their dimensions, the less will the attraction be affected by the 
temperature. This fits in with a deduction made in a previous 

aper™*. 

It is difficult to obtain exact information about the relative 
values of U and (u—u,). But there is indirect evidence that 
(w— ua) is of a smaller order of magnitude than U. 

Thus on the assumption that matter is evenly distributed in 
space and that ~—uw,=0 we obtained that P,=—L,p,. This 
equation would also approximately hold if the energy expended 
per molecule in removing a layer of molecules from the surface 
of a liquid is large in comparison with the energy expended 
per molecule in separating the molecules of the layer after its 


removal. We also obtained the formula P,= -7 on the as- 


J days Aye : : : dU 
sumption that (ae negligible in comparison with Gaia 


The values of P, given by these two equations agree roughly 
with one another. showing that the assumptions underlying them 
are at least approximately true. 


If we neglect (w—wq) in comparison with U, and (=) 


in 

dv T 
: J dU du’ da, (aU : 

comparison with ea or put df dT’ Gak found to be 

always negative. Now it is unlikely that this would be the case 

if (u—u,) were of the same order of magnitude as U. The results 


obtained in this paper are evidence that (sr) should be 


negative. 
Further evidence that (wu — uw) is of a smaller magnitude than 


* Proc. Camb. Phil. Soc., Vol. xvi. Pt vi. pp. 553, 554. 
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U, and that the same applies to the differential coefficients, will 
be brought forward in subsequent papers. 

From the foregoing considerations in this section it appears 
that a change in the internal energy of a molecule is associated 
with a change in the configuration of the atoms, which are prob- 
ably not concentrated at a point, and that this change in con- 
figuration must be attended by a change in the law of molecular 
attraction. The force of attraction exerted by a molecule in 
different directions cannot be the same if the atoms are not 
concentrated at a point. The law of attraction deduced from the 
surface tension and the internal heat of evaporation of liquids is 
a mean law since the molecules are probably undergoing motion 
of rotation as well as of translation in a liquid. This mean law 
must depend on the configuration of the atoms in the molecules 
as well as on their number and their nature, and therefore differs 
considerably from that expressing the attraction between two 
atoms. Thus it is conceivable that the law of molecular attrac- 
tion may involve the critical constants, and contain the temperature 
as one of the variables. 

If two molecules are not undergoing rotation the attraction 
upon one another would be expressed by the sum of a number 
of terms each of which expresses the attraction of an atom in 
one of the molecules on an atom in the other molecule. Each 
term consists of the product of the attraction constants of two 
atoms, multiplied by a function of their distance of separation. 
Since the distance of separation is different in each case, the 
values of these functions differ from one another. Therefore if 
the attraction between two molecules is expressed as the product 
of the sum of the attraction constants of the atoms of one of the 
molecules into the sum of the attraction constants of the other 
molecule, multiplied by a function of their distance of separation, 
this can only approximately represent the facts, for it amounts 
to assuming that the atoms of each molecule are concentrated at 
a point. The general form of the law of molecular attraction 
including all the deviations from the law (8) has already been 
given in a previous paper*. 


* Phil. Mag., Oct. 1911, pp. 578—580. 
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A simple viscometer for very viscous liquids. By G. F. C. 
SEARLE, Sc.D., F.R.S., University Lecturer in Experimental 
Physics, Fellow of Peterhouse. 


[Read 20 May 1912.] 


$1. Introduction. The viscosity of treacle is so great that it 
cannot be measured conveniently by allowing the liquid to flow 
through a tube of small bore, as is done in the case of water, for 
at 12°C. the viscosity of treacle is about 400 C.G.s. units, and that 
of Lyle’s “golden syrup” is about 1400, while that of water is 
only 0:0146. But the great viscosity of treacle allows the use of 
another method, in which the mechanical actions called into play 
are more conspicuous than when a liquid flows through a tube. 
The method described below was introduced into my class at the 
Cavendish Laboratory in November 1911 and has been found to 
be interesting and instructive to the students and to be satisfactory 
to the demonstrators. 

The method, which is well known in principle, is to cause a 
vertical cylinder to rotate within a coaxal vertical cylinder con- 
taining liquid and to determine the angular velocity of the inner 
cylinder for a known value of the driving couple. 

In the elementary theory, the motion of the liquid between 
the vertical sides of the cylinders is assumed to be the same as if 
the cylinders were infinite in length. In practice, one end, at 
least, of the rotating cylinder is exposed to viscous action and thus 
a correction for that end becomes necessary. In the original 
apparatus constructed in the Cavendish Laboratory no arrange- 
ment was made for determining this correction, but in the case of 
the apparatus shown in Fig. 2 this correction can be readily 
found. J am much indebted to Mr W. G. Pye for his assistance 
in designing the improved apparatus. 


§ 2. Elementary theory. Let the viscosity of the liquid 
between the cylinders be w dynes per square cm. per unit rate 
of shearing (i.e. one radian per second). Let the inner cylinder of 
radius b cm. be made to rotate about its axis with the uniform 
velocity © radians per second by a couple, the internal radius of 
the outer (fixed) cylinder being a cm. Let the angular velocity 
of the liquid at a distance 7 cm. from the axis be @ radians per 
second, and at the distance r+dr let it be ow+do. Since it is 
only the motion of the liquid at r+dr relative to that at r which 


J 

a 
A 
> 


Dr Searle, A simple viscometer for very viscous liquids. 601 


we have to consider, we may impart a negative angular velocity w 
to the whole system without affecting the stresses due to viscosity. 
Then the particles at distance r from the axis are at rest and those 
at r+dr move with velocity dw (7 + dr), since the angular velocity 
which they now have is dw. To the first order the velocity is 
rdw. The tangential stress at the surface of a (geometrical) 
cylinder of radius r is therefore 


dw 
A. dynes per square cm. 


This stress tends to make the liquid within the cylinder of radius 
r rotate in the opposite direction to the inner metal cylinder since 
dw/dr is negative. 

Let the couple required to maintain a length h cm. of the 
inner cylinder in angular velocity Q be G dyne-cm. Since there 
is no angular acceleration of the liquid, the couple exerted by 
viscous action upon the liquid within a cylinder of radius r and 
length h is also G. This couple is obtained by multiplying the 
viscous stress by the area (27h) of the curved surface of the 
cylinder of radius r and also by the radius 7. Hence 


dw dw 
=—2rrh.pr——.r=—2 a, eugene 
G arh. mw au oT pha ae (1) 
dw GE 
or ae =— Oar uh ° rs @)_ -eiielelo.s/siolelsie) sie) e slejalete(cleralatale (2) 
The solution of this differential equation is 
eee we 
° = Saruh Bt © 
where C is a constant such that a =0, when r=a. Hence 
Gas iia 
ey (= s a) alc, Lee (3) 
When r= 0, the angular velocity is , and thus 
Gy pila, as 
Sra & Toa) eeeeseresteane tenes (4) 
Hence we find for the viscosity 
G (a? — b*) 
= ar Ohaebe ee (5) 


In practice, the couple G is produced by the weights of two 
loads each of M grammes acting on a drum of effective diameter 
Dem. Hence G= MDg. The angular velocity is found from 7’ 


602 Dr Searle, A simple viscometer for very viscous liquids. 


seconds, the time of one revolution of the cylinder, and thus 
Q=27/T. The formula thus becomes 


_ gD (a+b) (a—b) ]) 
pe ( 7 oe eae (6) 
The method of obtaining the correction due to the finite length 


of the inner cylinder will be best explained after the description 
of the viscometer. 


§ 3. The viscometer. The instrament is shown diagram- 
matically in Fig. 1. The inner cylinder turns on pivots in 


bearings at top and bottom. The lower bearing is at the top of 
a cylindrical pillar rising from the base of the instrument, and 
the upper bearing is on an arm carried by a vertical rod. The 
axle supporting the inner cylinder also carries a drum, and the 
cylinder is caused to rotate by means of two masses supported by 
a thread wound round the drum and passing over two ball-bearing 
pulleys. The outer cylinder is clamped to the pillar by a clamp 
acting on a partially split tube which makes a treacle-tight joint 
with the pillar. The top of the pillar carries a perforated baffle 
plate, loosely fitting the outer cylinder. The treacle or other 
liquid fills the space between the baffle plate and the bottom of 
the fixed cylinder and also part of the space between the two 
cylinders, as indicated in Fig. 1. It will be seen that the length 
of the inner cylinder which is immersed in the liquid will increase 
if the outer cylinder be made to move upwards on the pillar. 


; 
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The baffle plate prevents the rotation of the inner cylinder from 
causing any appreciable motion of the liquid in the space below 
the baffle plate. 

The details of the apparatus are better seen in Fig. 2. A slot 
about 3 mm. wide is cut in the side of the fixed cylinder and is 
covered by a plate of glass cemented to the cylinder and secured 
by a brass plate. The inner cylinder has a scale of millimetres 
engraved upon it, and, by looking through the glass plate, the 
length of the inner cylinder which is immersed in the liquid can 
be read off. Above the drum, the axle carries a disk with a mark 
on its edge, by aid of which the revolutions of the cylinder are 
counted. In the most recent form, a locking pin, passing through 
the arm at the top of the instrument, as indicated in Fig. 1, 
enables the inner cylinder to be held fixed. 


§ 4. Haxperimental method. The outer cylinder is first clamped 
on the pillar in such a position that only a small length—a centi- 
metre or so—of the inner cylinder is immersed in the liquid. If 
the level of the liquid has been lowered it will be necessary to 
wait for a few minutes to allow the viscous liquid to drain off the 
sides of the cylinders. After the reading of the liquid on the 
scale engraved on the inner cylinder has been taken, that cylinder 
is turned round so as to wind the threads on to the drum. The 
cylinder is then secured by the locking pin until the observer is | 
ready to determine the time occupied by some convenient number 
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of revolutions. Equal masses are placed in the two pans; it is 
convenient to previously adjust each pan to some definite mass— 
say 10 grms. The time of a number of revolutions is then deter- 
mined and the time, 7’ secs., for one revolution is deduced. If 
the corresponding total load hung from each thread be M grms., it 
will be found, on repeating the observation with various loads, 
that M7’ is constant for a given level of liquid. This result 
confirms the fundamental assumption that the viscous stress at 
each point is proportional to the rate of shearing of the liquid. 

The outer cylinder is then clamped a little higher up on the 
pillar so as to raise the level of the liquid by about a centimetre 
and the value of MT'is again determined. This process is repeated 
with approximately equal steps in the level of the liquid as often 
as the construction of the instrument allows. The reading of the 
liquid on the inner cylinder is recorded at each stage. 

The values of MY are then plotted, as in Fig. 3, against J, the 
length of the inner cylinder (measured from its Jower end) im- 
mersed in the liquid. (The diagram represents the observations 


Fig. 3. 


recorded in Table 1 below.) It will be found that the points lie 
on a straight line, which cuts the axis of / at a distance from the 
origin on the negative side corresponding to a length / of some- 
thing like half a centimetre. Hence, the couple required to rotate 
the inner cylinder at a given angular velocity 1s proportional to 
1+, and thus & is the end-correction for the inner cylinder. As 
will be seen in Table I, the arithmetical values of M7/(/+k) will 
be found to be very nearly constant. 

The other measurements are easily taken. The diameter of 
the inner cylinder is found by calipers. The radius of the outer 
cylinder is determined by finding the mass of water which fills it. 
For this purpose the pillar is unscrewed from the base and is 
then drawn out of the outer cylinder; the hole at the bottom of 
the cylinder is plugged with a rubber stopper, the upper end 
being made flush with the floor of the cylinder. The effective 
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diameter of the drum is found by adding the diameter of the 
thread to that of the drum itself. 

Since the viscosity of treacle diminishes very rapidly* as the 
temperature rises, care must be taken to keep the temperature of 
the apparatus as nearly constant as possible during the series of 
observations. When, however, the correction for the lower end 
of the inner cylinder has been found, a single observation is 
sufficient to determine the viscosity at any particular temperature. 
The apparatus has been made compact so that it can be placed 
in a water bath for the purpose of bringing it to any desired 
temperature. 


$5. Practical example. The following record gives details 
illustrating the determination of the viscosity of Lyle’s golden 
syrup by the viscometer. The temperature throughout was 
12°3° C. 


Radius of outer cylinder, found by mass of water contained =a=2-543 cm. 


Radius of inner cylinder ... a ae ae rh =b=1-865 cm. 
Effective diameter of drum ee bd = D=1°88+0:03=1:91 em. 
Mass of each pan ... ste oe uae a Ae =10 grms. 


To determine the correction for the lower end of the inner 
cylinder, the observations in Table I were made. The time for 
three complete revolutions was observed in each case. 


TABLE I. 
i one rev. = . | 
ea T secs. a lem. sas grm, sec.cm.—! | 
30 Ly) 837 1:30 1:85 452 
40 33°35 1332 Deve) 2:90 A459 . 
60 29-9 1794 3°40 3:95 454 
80 3 2184 4-30 4°85 450 
90 29-5 2655 5-30 5°85 454 
100 31°2 3120 6:40 6:95 449 


When MT was plotted against J, as in Fig. 3, the resulting 
straight line indicated that k&, the correction for the end, was 
0°55 cm. Using this value of &, the last column in Table I has 
been calculated to show how nearly MT7/(1+4) approaches con- 
stancy. The mean value of M7/(J + k) from Table I is 


453 grm. sec. cm. 


* At 7°C. the viscosity is more than double that at 14°C. 
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To test the constancy of MT for a given depth of liquid, the — 
observations in Table II were made with 


l= 6°40 cm. or 1+ 4 =6°95 cm. 


Tapne Tt 
Load Time for one rey. MT 
M grammes T seconds grm. sec. 
60 52-7 3162 
80 39-2 3136 
100 BK 3120 
120 26°0 3120 
140 22°3 bey) 


The mean value of MT from Table II is 3132 grm. sec., 
agreeing closely with the mean value given by Table I. Hence 
MT/(l + k) = 3132/6:95 = 450°7 grm. sec.cm—. Putting 1 +k forh 
in (6), we find 

~  _ gD(a+b) (a—b) eS 
eS Bab \E+k 
_ 981 x 1°91 x 4408 x 0°678 
8a? x 6-467 x 3478 


= 1421 dynes per square cm. per unit rate of shearing. 


(450°7) 


At the same temperature of 12°3°C., the viscosity of black 
treacle is about 400, and that of water is about 0°0146 c.G.s. units. 
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Note on the Spectrum of Argon. By G. Sreap, B.A., Clare 
College. 


[Read 20 May 1912.] 


As is well known, two distinct spectra are produced by argon, 
called respectively the red and blue spectra. The former is 
obtained by analysis of the light from the capillary portion of an 
ordinary spectrum tube when a discharge from an induction coil is 
sent through it. If now a suitable capacity be inserted in the 
circuit the capillary changes in colour from rose to bright blue. 
The blue spectrum can also be obtained without a capacity pro- 


vided that a large coil and a narrow capillary are used. When 
the capillary portion of a tube is giving the red spectrum the glow 
round the cathode is bluish in colour and is found to show a 
mixture of the two spectra. It would seem therefore that, broadly 
speaking, the blue spectrum is to be regarded as a high intensity 
spectrum and the red as a low intensity spectrum. But this is, of 
course, very general. It is not known whether the determining 
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factor is average current density, maximum current density, 
potential gradient, temperature, or some other cause. It occurred 
to me that it might be worth while to study the spectra of argon 
by means of a tube provided witha lime cathode. The advantages 
of the method are: 

(1) the ease with which the current, voltage and temperature 
of the strip can be varied. 

(ii) the ease with which the comparatively large currents 
obtained by the use of a lime cathode can be measured. 

It was hoped that by a change of one or more of the variables 
the red and blue spectra might be obtained at will. 

After trying several types of discharge tube the final form 
adopted was that shown in the accompanying figure. The tubes 
AB and C were about 2°5 cm. in diameter and were joined at A 
by means of a ground glass joint and mercury seal. The latter 
enabled the joint to be made air-tight without the use of grease. 
Through C were sealed two stout platinum wires carrying a thin 
platinum strip D which formed the cathode. The current required 
to raise D to a white heat was about 5 amperes. A short side 
tube #, about 1 cm. in diameter and 5 cm. long, contained an 
aluminium anode fF’, placed on the same level as the cathode D. 
The beam from the cathode passed down this tube. G was a tube 
connecting the apparatus to the pump, supply of argon, ete. 

The argon used was obtained from Hilger’s, and to make sure 
that all nitrogen was removed, it was purified by the usual process 
of sparking for many hours with oxygen. The high potentiai 
required to work the tube was obtained by means of a battery of 
small storage cells. Various voltages were tried ranging from 100 
to 2000. Experiments were made with pressures from about half 
a millimetre to the lowest pressures conveniently obtainable by 
the aid of charcoal and liquid air. For the examination of the 
spectra a Hilger constant deviation wave-length spectroscope was 
ewployed. 

Results. So long as the pressure was not lower than about 
‘02 mm. a definite and fairly bright positive column was produced. 
This always showed the red spectrum without a trace of the blue 
spectrum. At lower pressures the positive column practically 
ceased to exist. The beam from the cathode was always blue in 
colour, and was usually very bright except when the voltage used 
was low. With the strip as hot as possible, and a voltage of about 
2000 it was found that the spectrum of the cathode beam was 
practically identical with that of the light from an ordinary vacuum 
tube through which a Leyden jar discharge is passed, Le. almost 
pure blue. If the temperature and voltage were reduced the red 
spectrum began to appear, but was always a good deal less bright 
than the blue. When the beam was very faint owing to low 
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voltage, or was on the point of disappearing owing to the low 
temperature of the strip, the spectrum presented much the same 
appearance (except as regards intensity) as the spectrum of the 
negative glow in an ordinary discharge. Thus at the anode only 
the red spectrum could be produced, whilst at the cathode a 
mixture of red and blue or pure blue alone could be obtained 
according to circumstances. 

As previously remarked, the positive column was absent at low 
pressures. It was found, however, that by applying a magnetic 
field, so as to deflect the beam from the cathode upwards and 
prevent it from entering the anode tube £, a positive column 
could be produced at pressures when, in ordinary circumstances, 
no trace of one would be visible. The positive column, however, 
still showed the same spectrum, viz. pure red. 

Thus the main object of the experiment—to obtain the red or 
blue spectrum in the same part of the tube by simply altering the 
conditions—failed. The chief interest of the work lies therefore 
in the fact that at the cathode either a mixture of red and blue 
(corresponding to the ordinary negative glow spectrum) or pure 
blue (corresponding to the Leyden jar spectrum) could be obtained 
at will by altering either the temperature of the strip or the 
voltage applied to the tube. 

In conclusion, I wish to express my best thanks to Professor 
Sir J. J. Thomson for his interest in the work. 
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Stachypteris Hallei: a new Jurassic Fern. By H. HAMSHAW 
Tuomas, M.A., Downing College, Curator of the Botanical Museum, 
Cambridge. 

[Read 20 May 1912.] 


(Puate IV.) 


In 1847 Pomel* described somé small ferns from the Oolitic 
rocks of Verdun and Chateauroux which apparently bore small 
fertile segments situated at the extremities of some of the pinnae ; 
he instituted the generic name of Stachypteris for these specimens. 
They were first figured and redescribed by Saporta+, who defined 
the genus as follows: 

Frons bi-tripinnata parvula segmentis inferioribus saepe ceteris 
productioribus, pinnae ultimae pinnatifidae partitaeque, pinnulae 
coriaceae minutae basi adnatae vel plus minusque restrictae con- 
fluentes aut distinctae enerviae vel uninerviae, nervulis caeterum, 
si adsint, immersis; fructificatio constans e pinnulis contractis 
inter se coalitis supra convexo-bullatis subtus concavis margini- 
busque revolutis sporangia intus inclusa foventibus spicas elongatis 
squamis distiche ordinatis conflatas mentiens, summis pinnarum 
pinnularumque rachis inserta. 

Pomel had considered that the fertile spikes were formed of 
more or less separate imbricating scales and compared them with 
the fertile segments of Lygodium. Saporta, however, did not 
accept this view. He considered them to have been formed of 
prolongations of a pinna with reduced contiguous pinnules borne 
on both sides and united together, the boundaries of the pinnules 
being marked by furrows and their margins being recurved to 
form the indusium. As will be pointed out later, it seems probable 
that Pomel’s original view is the more correct. Apparently 
nothing could be made out from these specimens as to the form 
of sporangia and spores. 

Pomel distinguished two species S. spicans and S. litophylla 
separated by the form of the segments and by the position of the 
fertile spikes. Saporta added a third species S. minuta with more 
finely divided segments. Saportat subsequently figured some 
sterile specimens of minuta and litophylla from the Jurassic of 
Portugal; in the absence of fertile fronds, however, it is impossible 
to be certain of the correctness of these determinations. Somewhat 
similar fronds, but without any clear evidence of fertile segments, 

* Amt. Ber. Versam. Gesells. deutsch. Naturforsch. Aachen, 1847, p. 337. 

+ Paléontologie Francaise, Ser. u. ‘‘ Plantes Jurassiques,” 1873, Vol. 1. p. 379, 
Pl. 49, figs. 2—6, Pl. 50, figs. 15, Pl. 51, fig. 1. 

= Flore Foss. Portugal, 1894, p. 48, Pl. tv. figs. 1, 10, vz. 14, vu. 4, vu. da, 
x. 10d. 
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have been described by Salfeld* from the Coralline Oolite of 
North Germany as S. litophylla. Here again we cannot be sure 
that we have a true Stachypteris. No localities other than the 
above appear to have yielded examples of these rare ferns. 

In 1910 an interesting discovery was made near Whitby, York- 
shire, by Dr T. G. Halle, of a small specimen which was referable 
to this genus. It showed parts of fronds rather imperfectly pre- 
served in a micaceous shale but with some very interesting features 
(cf. Pl. IV, figs. 2, 3). This specimen is preserved in the Royal 
Museum at Stockholm, and I am indebted to Prof. Nathorst and 
Dr Halle for kindly placing it at my disposal for examination. 
In April 1912 I was fortunate enough to find two further specimens 
of the same type in the bed of grey shale in the Marske quarry 
near Saltburn. This bed belongs to the lower part of the Lower 
Estuarine Series, it is of the same age as the plant beds at Whitby 
and Hayburn Wyke, but rather older than those of Scarborough 
and Gristhorpe. From the materials now available it is possible 
to provide further information as to the structure of the ferns of 
this group. 

The Marske and Whitby specimens show some differences in 
form which may be perhaps attributed to the more mature condi- 
tion of the latter at the time of fossilisation, the differences are, 
however, not great, and I consider that they both belonged to the 
same species, which I have named after my friend Dr Halle. 

The species may be described as follows: Fronds tri or quadri- 
pinnate probably somewhat deltoid in outline. Axis of the frond 
slender. Pinnae of the second order divided into five or six 
pinnules and sometimes terminated with a fertile spike. Pinnules 
rounded or deltoid in form sometimes slightly notched. Veins 
slender, inconspicuous, simple or branched. The fertile secondary 
pinnae have a distal linear prolongation bearing two or more rows 
of small deltoid segments each of which appears to bear a single 
sporangium, the margins of the segments were probably modified 
to form an overlapping indusium. The sporangia when mature 
formed a dense spike-like group, each possessed a well-marked 
vertical or slightly oblique annulus. The spores were large, some- 
what tetrahedral in shape with a tetrad scar and thickened walls. 
The thickenings on the walls form a very prominent reticulum. 

The Marske specimen (Pl. IV, fig. 1) appears at first sight to 
have a central rather stout rachis from which the pinnae spring, 
the stem shown in the figure is, however, not the true axis of the 
frond whose lamina is seen, but is a structure lying parallel to and 
above the frond axis. The latter has a breadth of about half 
a millimetre, it lies almost touching the larger stem and suggests 


* Kenntniss jura. Pflanzereste Norddeutschland, Palaeontographica, 1909, Bd. 
Lyi. p. 11, Taf. m1. fig. 4, Taf. rv. fig. 6. 
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a possible connection with the latter. It seems not unlikely 
that we are here dealing with only a small portion of a large and 
highly divided frond. 

The general form of the lamina can be made out from the 
figures, the small ultimate segments or pinnules are for the most 
part somewhat ovate in shape with bluntly pointed apices. Some- 
times they are rather cuniform or slightly notched, they are 
usually quite distinct but are sometimes confluent. The veins are 
not conspicuous, each segment is traversed by a fine vein which, 
in the larger segments, gives off branches of the sphenopteroid 
type. In close association with the fertile specimen from Whitby 
we have a finely divided portion of a frond, shown in figs. 3, 3a. 
Some of its pinnules are like those of the Marske frond, but in 
others the ultimate segments are more divided (fig. 3a). Several 
sterile fronds have been found at Marske, none of which can be 
confidently assigned to Stachypteris, some of them have narrower 
ultimate segments more deeply divided and are perhaps identical 
with Coniopteris quinqueloba (Phil.), others are similar in form to 
the fertile specimen but have slightly larger segments. As before 
observed, it is practically impossible to identify these sterile fronds 
with any certainty owing to the extreme variability which some 
of these forms appear to exhibit. 

The fertile spikes are seen at the apices of the secondary 
pinnae, the material does not show whether they wére borne also 
at the apices of the primary pinnae (as was the case in some of 
Pomel’s specimens). In the Whitby examples the fertile pinnae 
possess only two or three sterile pinnules below the fertile portion, 
but in one of the Marske fronds there may be as many as five or 
six pinnules. The exact structure of the spike is still somewhat 
uncertain, it is composed of small segments given off from the axis 
(see fig. 1 a) but owing to compression it is difficult to make out 
whether they were arranged in an imbricating manner, or whether 
they were small inrolled segments fused together. 

There are, however, several indications that the spikes were of 
the type seen in Lygodium. It would appear that each segment 
bore a single sporangium. Im one case part of a sporangium is 
seen projecting from under the overlapping segment (or indusium) 
and the sporangia were almost as large as the segments. In the 
Whitby specimen no segments or indusia can be made out, the 
fertile spike (see figs. 2a and 4) appears to consist of three rows of 
sporangia borne in a very regular fashion, and at first sight 1t might 
appear that this belonged to a fern distinct from the Marske form, 
but the discovery of the same characteristic spores in both showed 
that this was not the case. It appears as though the upper portions 
of the indusia or fertile segments withered and became incon- 
spicuous on the ripening of the sporangia. Though only two rows 
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of sporangium bearing segments appear to be present in the Marske 
forms it is possible that a third row might have been present on 
the opposite side to that shown in the figure. 

The sporangia had a diameter of about half a millimetre, they 
had a very distinct annulus which was either vertical or slightly 
oblique (see fig. 4), probably the latter. In any case it was not of 
the apical type seen in the modern members of the Schizaeaceae. 
The sporangia contained a number of large spores which may be 
seen by treating portions of the spike for some time with Schultz’s 
solution (HNO; and KCIlO,). Most of the spores are somewhat 
tetrahedral in shape, but others are more rounded, they had a 
diameter of about ‘045—06 mm., the tetrad scar can occasionally 
be seen. 

The walls of the spores were much thickened in a very char- 
acteristic reticulate manner, as shown in the photograph (fig. 5), 
The spaces in the meshes were sunken and the edges of the spores 
often appear in consequence to bear a series of prominent papillae, 
This form of thickening has not yet been noticed on the spore 
walls of any other Jurassic fern and it may perhaps serve as 
a ready means of identifying this type. 

The foregoing observations on the structure of the sporangia 
and fertile spikes suggest that the genus Stachypterts does not 
possess any close affinities with the modern groups of ferns. 
Pomel originally compared it with the Schizaeaceous form Lygodium 
but Saporta considered that it was most closely allied to the genus 
Cheilanthes, basing his belief on the view of the structure of the 
fertile spike referred to above. The discovery of the sporangia 
apparently borne singly on each segment shows that the latter 
view cannot be retained. For the same reason Lygodiwm would 
appear to be perhaps the most nearly related modern genus so far 
at least as regards the apparently monangic nature of the sorus. 
The spores of the Schizaeaceae can also be compared with those of 
the present form in their strongly thickened walls. But on the 
other hand one of the most characteristic features of the 
Schizaeaceae is the small apical annulus, while in the present 
genus the annulus if not vertical is only slightly oblique and 
probably approaches that of the Cyatheaceae in this respect. 
Stachypteris may then be regarded as exhibiting some features in 
common with both the Schizaeaceae and Cyatheaceae. It does 
not seem to be closely allied to the Hymenophyllaceae though at 
first sight the spike of sporangia in the Whitby specimen might 
suggest this affinity. 

The Cyatheaceae were present in some abundance in the 
Jurassic flora while the Schizaeaceae were represented by Klukia 
with its sporangia terminated with an apical annulus, and probably 
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by other forms. Berry* has described a fern from the Lower 
Cretaceous rocks of Maryland, Schizaeopsis expansa, which bears 
small fertile spikes at the margins of its fronds; nothing has been 
made out as to the structure of the sporangia in this form and 
therefore it may be considered as a possible relation of Stachypteris 
until the contrary is proved. Of course in this case the difference 
in the vegetative structure of the fronds is very great. 
. While, therefore, I regard Stachypteris as belonging to a group 
of ferns intermediate in their characters between the Cyatheaceae 
and the Schizaeaceae, it is to be hoped that further work will 
throw more light on its affinities or on the possible existence of 
such an intermediate group. 

In conclusion I must express my thanks to Prof. Seward, to 
Prof. Nathorst and to Dr Halle for their kind interest and help in 
this work. 


* Annals of Botany, 1911, p. 193, Pl. xm. 


EXPLANATION OF FIGURES ON PLaTE IV, 
Figures by Frau Ekblom and the author. 


Fig. 1. Fertile frond from Marske x 3. Fig. la. Part of fertile 
pinna from the same x 15. Fig. 2. Fertile pinna from near ~ 
Whitby, nat. size. Fig. 2a. Ditto x 3. Fig. 3. Part of 
sterile frond from Whitby specimen, nat. size. Fig. 3a. A 
pinna of the samex 3. Fig. 4. Fertile spike of specimen shown 
in 2, enlarged to show sporangia (somewhat diagrammatic) x 12. 
Fig. 5. Spores from same specimen showing reticulate mark- 
ings x 140. 
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_ Some Observations on Electrograms of the Frog’s Heart. (Pre- 
liminary note.) By GEorRGE RALPH Mings, M.A., Fellow of Sidney 
Sussex College. (From the Physiological Laboratory, Cambridge.) 


[Read 20 May 1912.] 
(Pirates V—IX.) 


The records which form the subject of this note were made 
during the course of an enquiry, still in progress, the main interest 
of which lies in the analysis of the action of electrolytes on heart 
muscle*. I have thought it worth while to give some separate 
account of certain observations made incidentally which may be 
of interest in connexion with the interpretation of the electro- 
eardiogram +. 

The experiments were made on the exposed hearts of frogs. 
The electrical changes were registered with the aid of Einthoven’s 
string galvanometer (Camb. Sci. Inst. Co.’s model). The non- 
polarisable electrodes were of a type described elsewhere: they 
were connected by threads saturated with Ringer’s solution to 
two regions of the heart, one of these being the apex of the 
ventricle, the other the base of the ventricle or the region of 
the sinus venosus. The potential differences available in direct 
derivation from the heart are considerable and thus a high 
tension of string can be used in the galvanometer, ensuring 
records which give a true picture of the time relations and 
extent of the potential changes. In the original curves (from 
which the figures are reduced) a deflection of about 4 millimetres 
was produced by a P.D. of 1 centivolt. Simultaneous records of the 
movements of auricles and ventricle were taken on the sensitive 
paper by projecting the shadows of light levers on to the illu- 
minated slit, the levers being connected by fine silk threads, one 
to the tip of the ventricle, another to an auricle. In some of the 
experiments in which the heart was perfused with fluid by means 
of a cannula tied in the inferior vena cava, the systolic output was 
also recorded by connecting a rubber tube to a cannula placed in 
one of the aortae (the other being tied) and allowing the drops 


* The expenses of this research are defrayed in part by grants from the 
Government Grant Committee of the Royal Society. 

+ Samojloff (Pfliiger’s Archiv, 135, p. 417, 1910) suggests that the expression 
«‘ Blectrocardiogram” should be reserved for records taken by indirect derivation, 
as in clinical work, just as ‘‘ Cardiogram” is commonly used for the mechanical 
record taken from the chest wall. The electrical record taken by direct derivation 
is called an Electrogram, that from the ventricle alone Ventricle Electrogram and 
so forth. 

+ Mines, Kolloidchemische Beihefte, u1, p. 196, 1912. 


616 Mr Mines, Some Observations on 


pumped out to fall in front of the slit. An example of a tracing 
taken in this way is shown in fig. 1. In this, as in the other 
figures, the time is marked in seconds with a Jacquet clock. 
Samojloff has called attention to the remarkable similarity which 
exists between the normal human electrocardiogram and the 
electrogram obtained by direct derivation from the base and 
apex of the frog’s heart. Fig. 2 shows a typical instance of the 
latter. Using the nomenclature of Einthoven, the P, R and T 
waves are very clearly seen. The P wave precedes the auricular 
systole, the R wave precedes the ventricular systole and is the 
most constant feature of the electrogram, the 7’ wave occurs 
during or at the close of the ventricular systole. Fig. 3 shows an 
electrogram obtained by derivation from the base and apex of the 
ventricle. It will be noted that there is no P wave. There seems 
to be no doubt that the & wave represents the condition of the 
ventricle in which the base is in a state of excitation while the 
apex is as yet unexcited. The 7’ wave has been attributed by 
some to the arrangement of fibres in the ventricle which is said 
to be such as to cause the wave of excitation to follow a circular 
route in the ventricle, the base in one region remaining excited 
after excitation has ceased at the tip; others have regarded the 
T wave as the expression of a different process in the muscle—the 
R wave being the more immediate expression of excitation, the 7’ 
wave being more intimately linked with the contraction process. 
The R and 7 waves form the usual features of the ventricular 
complex, the P wave is the only generally recognised sign of 
auricular excitation in the electrocardiogram. Hering* has 
recently drawn attention to the existence in certain curves of 
a second wave in the auricular complex corresponding to the 
T wave of the ventricular complex. This he has shown by direct 
derivation both of the mammalian and of the frog’s heart. One of 
my tracings, from a heart in which the ventricle failed occasionally 
to respond to auricular excitation, shows the second auricular wave 
unmistakably and gives a suggestion as to why the second auricular 
wave is not more often seen in the electrocardiogram. In the 
particular case referred to (fig. 4) the A—V interval at first is 
short and no second auricular wave is seen. In succeeding beats 
the A—V interval increases and the second auricular wave (marked 
with a cross in the figure) appears as a little shoulder on the rise 
of the R wave. Presently the impulse fails to get through from 
the auricle to the ventricle, the ventricular complex disappears 
and the two auricular waves remain, both being in the same direc- 
tion, the second considerably greater than the first, agreeing with 
Hering’s description. When the A— V interval is of normal duration 
it would appear that the second auricular wave (Vorhof Ta-Zacke) 
* Hering, Pfliiger’s Archiv, 144, p. 1, 1912. 
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must often escape notice because it is masked by the very much 
greater R wave of the ventricular complex. 

If the region under one of the electrodes is injured, the electro- 
gram of the ventricle becomes simplified, as is well known, to a 
monophasic variation. By perfusion with Ringer’s solution it is 
often possible so far to restore the excitability of the injured region 
as to lead to conversion of the monophasic into a diphasie record. 
During the perfusion of the heart with fluid the amplitude of the 
electrogram is as a rule diminished, no doubt owing to the fact 
that an additional path for the currents’ is provided by the solu- 
tion in the cavity of the heart. As is seen in fig. 5 the effect of 
the perfusion in restoring the complex form of the electrogram 
persists after the perfusion has ceased. 

Pulsus alternans. In the exposed heart of the frog the con- 
dition of pulsus alternans occurs not infrequently. The beats 
follow in normal sequence from auricle to ventricle, but the 
ventricular contractions are alternately large and small. The 
electrical record taken from the ventricle in this condition shows 
alternation, as has been noticed by previous observers. By direct 
derivation, it often happens that the alternation. is much more 
obvious in the electrical record than in the mechanical. An 
example, in which the electrogram was monophasic, is given in 
fig. 6. The continuation of this tracing illustrates the fact that 
the alternation may often be abolished by treatment with Ringer's 
solution ; in this particular case the treatment did not remove the 
monophasic character of the electrogram. Sometimes the alterna- 
tion disappears spontaneously ; an instance is given in fig. 7. It 
will be noticed in this tracing that alternation is scarcely perceptible 
in the mechanical record, though very marked in the early part of 
the electrogram, The alternation returned later in this experiment, 
Figs. 8, 9, 10 show instances from other hearts in which alternation 
is obvious in the electrical but slight or imperceptible in the 
mechanical record of the ventricle. The condition in which 
alternation is revealed by the electrical but not by the mechanical 
tracing may be called pulsus alternans celatus. Like the ordinary 
condition of pulsus alternans it may be abolished by treatment 
with Ringer’s solution or by stimulation of the vagus. Pulsus 
alternans celatus may be regarded as a condition in which the 
function of a very small portion of the ventricular muscle is 
upset so that it responds only to every second excitation of the 
rest of the muscle. The failure of a very small part of the muscle 
to respond to excitation will hardly affect the force of the ventricular 
systole, yet if situated in certain regions it may modify considerably 
the form of the electrogram by affecting the path taken by the 
excitation in the myocardial syncytium. Puisus alternans celatus 
is probably due to a change in the myocardium similar in nature 
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to that responsible for pulsus alternans but more limited in extent. 
This is supported by the fact that alternation in the mechanical 
record commonly appears at a later stage in hearts which have 
shown pulsus alternans celatus. Fig. 11 shows some stages in the 
onset of pulsus alternans. The first portion of the tracing repro- 
duced shows alternation in the electrical but not in the mechanical 
record. In the second portion it is perceptible in both records: in 
the third portion it is very striking in both records. 

The remarkable similarity between the electrogram of the 
frog’s heart and the human electrocardiogram, both normal and 
in various conditions of heart block, ectopic beats, pulsus alternans 
and so forth, suggests the possibility that the condition pulsus 
alternans celatus may be encountered in man, in which case it 
will be of prognostic importance. Lewis* has shown that alterna- 
tion in the electrocardiogram may exist when none can be detected 
in the radial pulse, but, so far as I know, the case has not yet been 
described in which alternation existed in the electrocardiogram 
with none in the cardiographic or radial pulse tracing. The two 
latter are known to be lable to independent variation, though 
both are expressions of the mechanical behaviour of the ventricle. 


After effects of inhibition on the electrogram. 


Samojloff, working on the exposed heart of the frog, found that 
as a result of stimulation of the vagus the form of the ventricular 
electrogram underwent a curious change. The R wave was prac- 
tically unchanged, while the 7’ wave was reduced or reversed in 
those cases where at the start the 7’ wave was positive (i.e. in the 
same direction as the & wave). Where the 7’ wave was negative 
before inhibition (i.e. opposite in direction to the R wave), on 
recovery from inhibition it became more negative. 

I can confirm: these conclusions from a number of experiments 
in which inhibition of the heart was produced by stimulation of 
the sinus venosus. Fig. 12 shows an instance where the 7’ wave 
was very markedly cut down. Fig. 13, taken from the same 
experiment, shows that weaker stimulation, sufficient to cause 
well-marked slowing of the heart, was not followed by any decided 
change in the form of the ventricular electrogram. Fig. 14 shows 
an example in which the 7’ wave, negative at the start, became 
more negative after inhibition. 

In some instances I found that the form of the electrogram 
remained unchanged even after strong stimulation of the sinus 
venosus. 

Of greater interest is the fact that in a certain number of cases 


* Lewis, Mechanism of the heart beat (Shaw and Sons), p. 273, 1911. See also 
H, Frédericq, Arch. Internat. de Physiol, 1912, xm. p. 96. 
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the 7 wave after inhibition is changed in exactly the opposite sense 
to that described by Samojloff and confirmed in the experiments 
to which reference has just been made. In several instances I 
have found inhibition to be followed by very marked increase in 
the size of the 7 wave which remains positive and gradually 
drops again to its normal amplitude. This I have seen both on 
stimulation of the sinus venosus and on stimulation of the vago- 
sympathetic trunk, and with both methods of derivation. An 
example is shown in fig. 15. 

It is evident that any means by which the several parts of the 
electrogram may be-altered independently is important in the 
interpretation of the complex curves. I propose to defer any 
discussion as to how far the varying effects of vago-sympathetic 
stimulation on the electrograms of the frogs’ hearts are to be 
ascribed to differences in arrangement of the muscle fibres in 
different hearts, how far to differences on the physiological con- 
dition of the muscle and as to whether concomitant stimulation of 
sympathetic fibres plays a part, until the completion of a series of 
experiments on the tortoise heart. 

It is hoped that these experiments will throw light on the 
relation between the alteration of the electrogram of the beating 
heart by vagal action and the remarkable electrical effect which 
Gaskell* demonstrated in 1887 on the quiescent auricle of the 
tortoise f. 


DESCRIPTION OF PLATES V—IX. 


Fig. 1. Frog’s heart perfused with Ringer’s solution. The top line 
shows the output of the heart in drops, pumped to a height of 
17 cms. Each white patch represents a drop, the length of the 
patch depends on the time during which the drop hung on the 
tube before falling. The second line is the shadow of a lever 
attached to one of the auricles. The third line is from a lever 
attached to the tip of the ventricle. It is affected in this case 
also by the auricular movements. The fourth line is the electro- 
gram derived from base and apex of ventricle. Up-stroke in the 
mechanical records indicates systole ; in the electrogram, that the 
base of ventricle is “zincative” to the apex. The bottom line 


marks time in seconds. x 3. 

* Journal of Phys. vu. p. 404, 1887. 

+ Since the above was sent to the Press a paper by Meek and Eyster has 
appeared (Amer. Journ. Physiol. June 1912, xxx. p. 271) in which a repetition of 
Gaskell’s experiment is described, a string galvanometer being used. Meek and 
Eyster confirm Gaskell’s observations in every detail. They point out that the 
E.M.F. of Gaskell’s positive variation is of the order of 107+ volts and that an 
instrument sensitive enough to register this change in potential is far too sensitive 
for observations of the relatively enormous potential changes which occur in con- 
nexion with heart beats. : 
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2. Mechanical records from auricle and ventricle. Electrogram 
from sinus venosus and apex of ventricle. x 3. 


. 3. Mechanical records as before. Electrogram from base and 


apex of ventricle. x 4. 


. 4. Mechanical record by suspension of ventricle, showing auricular 


and ventricular contractions. Up-stroke systole. Electrogram from 
sinus region and tip of ventricle. Down- stroke of electrogram, in 
this ficure only, indicates base “zincative” to apex. x 3. 


5. Mechanical records of auricle and ventricle (up-stroke = systole), 
electrogram of ventricle. Above the time tracing is a signal line. 
At start of tracing, heart not perfused. At first signal perfusion 


with Ringer’s solution: at second signal perfusion stopped. x 4. 


._ 6. Mechanical records of auricle and ventricle. Down-stroke 


represents systole. Electrogram of ventricle. a@ shows pulsus 
alternans. 6 after pouring Ringer’s solution over the heart. 


Interval of about a minute between aand 6. x. 


Lo 


._ 7. Mechanical records of auricle and ventricle. Down-stroke 


represents systole. Electrogram of ventricle. ne paper moved 


at the same rate as in the preceding figure. x 3%. 


8. Mechanical records of auricle and ventricle. Up-stroke 
represents systole. Electrogram of ventricle. x 3. 


. 9. From same experiment as fig. 8. x 2. 


10. Mechanical records of auricle and ventricle. Up-stroke 


systole. Electrogram of ventricle. x 3. 


. 11. Mechanical record by suspension of ventricle, showing 


auricular and ventricular beats. Up-stroke systole. Electrogram 
from base and apex of heart. Interval of about two minutes 
between a and 6 and between } and ec. x 1. 


. 12. Mechanical records of auricle and ventricle. Down-stroke 


systole. Electrogram of ventricle. The break in signal line 
indicates stimulation of sinus venosus with tetanising current. 
(Du Bois Reymond coil, secondary at 10 cms., one Daniell in 
primary.) x #. 


. 13. From same experiment as fig. 12. Very weak stimulation 


of sinus venosus during period shown by signal line. x 2. 


. 14. Arrangement as in last two figures. Sinus venosus stimu- 


lated. (Secondary coil at 8 ems.) x ¢. 


.15. In mechanical records up-stroke means systole. Electrogram 


from base and apex of heart. Sinus venosus stimulated. (Secondary 
coil at 10 ems.) x 3. 
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On the Ionisation produced by the Collision of Positive Ions in 
Gaseous Mixtures. By R. D. KLeEmAn, D.Sc. (Adelaide), B.A., 
Emmanuel College. 


[Received 30 May 1912.] 


A NUMBER of different experiments have been devised with the 
object of obtaining information on the behaviour and the nature of 
an ion in a gas under different conditions. But many points remain 
to be cleared up. This is due to the fact that in a large number 
of cases the results admit of several explanations equally probable. 
It is necessary therefore that new methods of attack should be 
brought to bear on the problems. The writer therefore devised 
the one described in this paper, which is a modified method of 
studying the ionisation by collision of ions. 

The principle of the method is as follows. A circular wire 
gauze and metal plate are situated parallel to one another, 
separated by a distance which is small in comparison with their 
diameters. The gas on the side of the gauze not facing the metal 
plate is ionised. By means of a weak electric field the positive or 
negative ions made can be drawn through the gauze into the 
space between the gauze and plate. A difference of potential 
exists between the gauze and plate which may be increased to 
such a value that ions are produced by collision of the ions pulled 
through the gauze with the neutral molecules. The current 
between the gauze and plate is measured by connecting the 
plate to an electrometer. 

In the methods that have usually been used to study the 
ionisation produced by the collision of ions with neutral molecules 
the initial ionisation was produced in the powerful field giving 
rise to ionisation by collision. In such an arrangement the 
electrons and smallest positive particles produced would be seized 
upon by the field before they can attach themselves to neutral 
molecules, and given a large velocity which prevents this taking 
place later. The ions that are drawn through the gauze are 
therefore not in the same condition for the production of ionisa- 
tion by collision as they would be if produced in the powerful 
electrical field between the gauze and plate. Now the writer 
has shown* that it follows from the laws of thermo-dynamics 
and the law of mass action that the nature of an ion cluster in 
a gas (not under the action of external forces) is continually 
changing, and a crowd of ions consists therefore at any instant 
of a number of simple ions (electrons, etc.) and clusters of various 


* Proc. Camb. Phil. Soc., vol. xvi. p. 285, 
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degrees of complexity. Therefore a certain number only of the 
ions that are drawn through the gauze are in a condition to be 
used by the powerful electric field for the production of new ions 
by collision. During the passage of the ions from the gauze to 
the plate some further ions, however, become simple, and are at 
once seized upon by the powerful electric field to produce fresh 
ions. 

The shape of the ionisation curves obtained connecting the 
electric field between gauze and plate with the current passing is 
regulated by the simple ions of least mass that are drawn through 
the gauze, for the smaller the mass of the simple ion the weaker 
the electric field necessary to produce ionisation by collision. By 
means of the arrangement described it could therefore be tested 
whether the addition of a small quantity of a gas to the chamber 
different from that it already contains introduces a new simple ion, 
A study of the ionisation curves for the positive and negative ions 
for different gases and mixture of gases was thus likely to lead to 
interesting and important results. 

Fig. 1 is a diagram of the apparatus used in these experiments. 
A is a cylindrical ionisation chamber 18 cms. long and 12 cms. in 
diameter. Its electrode a, which consisted of a circular brass plate, 
was connected with a Dalezalek electrometer through a contact 
key. A wire gauze b whose meshes were about 1 (mm.)? in area 
was situated at a distance from the plate a@ which was usually 
‘5cm. The gauze was soldered to an annular ring ¢ in electrical 
connection with the chamber; it could be raised or lowered by 
means of three screws. The inside surface of the annular ring 
was covered with uranium oxide mixed with a small quantity of 
liquid gum to make it stick fast to the metal. The portion of the 
gas in the chamber below the gauze was thus ionised by the 
a-particles ejected by the uranium into the chamber. When 
the chamber was connected to a high potential a strong field 
existed between the gauze and plate, and a comparatively weak 
field in the same direction between the gauze and lower part of 
the chamber due to a small fraction of the lines of electric force 
from the electrode a threading through the gauze and ending on 
the lower part of the chamber. Therefore when the chamber was 


at a positive potential, some of the positive ions made by the 


a-particles of the uranium were drawn through the gauze into 
the space between gauze and plate, and when at a negative 
potential some of the negative ions were drawn into this space. 
Measurements of the leak were carried out for different potentials 
applied to the chamber. 

The chamber was filled with the vapour of a liquid in the 
following manner. The tap d was closed, the taps e and f were 
opened and the rubber clips g, h, and 7 released, and the chamber 
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exhausted down to as low a pressure as possible by means of a 
Fleus pump, after which the tap f was closed. A small quantity 
of liquid whose vapour was to be investigated was then poured 
into the tube & of the glass apparatus B, and a small quantity of 
the liquid by opening the tap d allowed to run iato the bulb 7. 
The liquid rapidly evaporated into the chamber A, being dried on 
its way by the drying tube C containing phosphorus pentachloride. 
The remnant of air left in the chamber A was forced by the vapour 
into the chamber D, whose capacity was about eight times that of 
A. The evaporation of the liquid was usually allowed to go on till 
the vapour pressure was a few cms. of mercury, and the clips g and 
7 then tightened, cutting off the communication of the chamber A 
with B, D, and C. The pressure of the vapour in the chamber, 
indicated by the mercury gauge F, was then reduced to any desired 
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magnitude by immersing the tube # in liquid air. The tube con- 
tained cocoa-nut charcoal, and a lowering of its temperature caused 
a gradual absorption of vapour by the charcoal. When the vapour 
pressure had decreased down to the desired magnitude, the com- 
munication between the tube and chamber was cut off by tightening 
the clip h. The apparatus was now ready for carrying out the 
electrical measurements. 

The vapour in the chamber at the end of a set of measurements 
was removed by a current of dry air. The vapour occluded by the 
charcoal was removed by exhausting the tube for some time during 
which it was placed in the hot air of a bunsen flame. 

When a small quantity of a gas was added to the gas the 
chamber already contained, it was first passed into a thin glass 
tube about 6 cms. long having a very small hole at each end. A 
rubber tube fitted over one end of the glass tube, which was 
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clipped after the tube had been filled with the gas required. 
The other end of the glass tube was then fitted into a very 
short rubber tube in connection with the chamber and communi- 
cation between the glass tube and chamber then established. 

In this paper we will deal principally with the ionisation curves 
obtained with the positive ion, and the effect produced on their 
shape by adding a small quantity of gas into the chamber different 
from that it already contained. 

Let us consider the effect the addition of a small quantity of 
gas to that contained by the chamber would have on the shape of 
the ionisation curve. The general nature of an ionisation curve 
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Electric field, one division being equal to 40 volts 
Fig. 2. 


connecting the electric field between gauze and plate with the 
current passing will appear from an inspection of the curves in 
figures 2, 3, 4, 5, and 6. Roughly a curve may be divided into 
two lines, a horizontal and vertical line, the beginning of the 
latter showing where the ionisation by collision begins to come 
in. Let us first consider the case when the nature of the simple 
ion is independent of the nature of the gas in which it is produced; 
in the case of the negative ion it would always be the electron 
carrying a charge e. The total number of ions drawn through the 
gauze would be slightly increased after the addition of a small 
quantity of gas. Further, the proportion of simple to complex 
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ions may be changed to some extent, since the stability of a 
cluster depends on the nature of the molecules it contains. This 
will affect the shape of the curve since it depends on the magni- 
tude of the initial ionisation; an increase of the initial ionisation 
shifts the vertical part of the curve towards the zero, as will be 
een seen on doubling the ordinates of one of the curves 
in fig. 2. But it will make the vertical part of the curve appear 
less steep. But this effect must be small in comparison with that 
due to a decrease in the mean free path of the simple ion on 
addition of the gas. This has the effect of shifting the vertical 
part of the curve away from the zero, since a larger field is now 
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necessary to produce ionisation by collision. Now this was found 
to happen invariably when fresh ions were produced by the collision 
of negative ions. This is shown by the curves in figures 2, 3, 4, 5, 
and 6. Each curve obtained by the negative ion is indicated by 
the sign — placed beside it, and each curve obtained by the positive 
ion by the sign +. The upper curves were obtained with pure 
gases, and the lower ones with an admixture of a small quantity 
of a different gas. A mixture of this kind is denoted in general by 
A+B, indicating that a small quantity of the gas B is mixed with 
A. They are plotted to different zeros, each being indicated by a 
cipher with a cross in the centre. 
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From the foregoing results we would expect that if the mass of 
the simple positive ion is independent of the nature of the gas in 
which it is made, the addition of a small quantity of a gas should 
produce a similar effect as in the case of the negative ion. This 
was found, however, not to be the case. When a small quantity 
of hydrogen was added to one of the gases carbon dioxide, nitrous 
oxide, oxygen, nitrogen, the vertical part of the curve instead of 
being shifted away from the zero was shifted towards it. Moreover, 
the curve was usually rendered more steep. This is shown by the 
curves in figures 2 and 3. The effect is much more pronounced 
than one is led at first sight to infer from the curves. If the 
behaviour of the positive ion were normal the positive curve would 
be shifted away from the zero approximately to the same extent as 
the negative, as indicated in one case in fig. 3 by a dotted curve. 
The total effect produced thus consists in the positive curve being 
shifted back to its previous position, and in addition to a certain 
extent further towards the zero. It is difficult to see how the 
effect could be produced by a change in the proportion of simple 
to complex ions of those drawn through the gauze. This pro- 
portion would be dominated by the clusters of greatest stability. 
The introduction of a gas which gives rise to additional kinds but 
less stable clusters would therefore not alter matters much. More- 
over the change thus introduced would have to be large to account 
for the effect. It appears, therefore, bearing also the experiments 
on the negative ions in mind, that the effect is due to the 
introduction of a different simple positive ion of smaller mass 
than that made from the gas the chamber already contains. 

It might perhaps be suggested that the effect could be 
explained by supposing that ions are produced more easily by 
collision from hydrogen (H;) than from the other gases. But the 
results obtained in experiments on the ionisation by the a-particle 
are against this view. The writer* has calculated the relative 
energies necessary to make an ion from different atoms by the 
a-particle, from which it appears that the largest amount of 
energy is necessary in the case of an atom of hydrogen occurring 
in (H,). Moreover, if the above explanation were true it would 
probably also apply to the negative ion, and the curve for the 
negative ion would be shifted towards the zero as is the case 
with the curve for the positive ion. But this, we have seen, 
does not happen. It may also be mentioned that the experiments 
on the total ionisation produced in the different gases by the 
cathode rays ejected by X-rays do not show that hydrogen is 
more easily ionised than other gasest. 


* Proc. Roy. Soc., Ser. A, pp. 220—233, May 14, 1907. 
+ Ibid., Ser. A, Vol, uxxxtv, p. 16, June 9, 1910. 
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It was found that no such effect was obtained if the molecules 
of the gas added consisted of atoms each of whose weight was 
approximately equal to that of an atom of a molecule of the gas 
already in the chamber. This is shown by the curves in figures 4 
and 5. 

It appears therefore that the smallest positive particle that 
can be obtained from an ionised atom is characteristic of it, and 
therefore consists probably of the whole atom positively charged. 
It should, however, be pointed out that the same effect would be 
obtained if the mass of the simple positive ion is the same in all 
gases, but that in some cases it carries a larger positive charge 
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than in others. But experiments on the charge carried by the 
positive ions made by the a-particle in different gases show that 
it is of the same magnitude as that carried by the negative ions, 
ae. a single charge e. 

It became of interest next to test whether the addition of a 
small quantity of a gas to the chamber whose molecules contain 
a number of hydrogen atoms besides other atoms produces the 
same effect as adding hydrogen. Evidence was obtained that 
they produce the same effect. This is shown by curves in fig. 6. 
It will be seen that the addition of a small quantity of gaseous 
ether to carbon dioxide gas shifts the curve for the positive ion 
towards the zero, as occurs on adding hydrogen. The addition of 


pith Ve 
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a small quantity of ethyl chloride gas to carbon dioxide, in the 
experiment carried out, did not shift the curve for the positive 
ion towards zero but slightly in the other direction, which is, 
however, small in comparison with the extent the curve for the 
negative ion was displaced. It seems that the amount of hydrogen 
introduced per molecule of ethyl chloride is not sufficient to com- 
pensate for the increase produced by the molecule in the mean 
free path of the + ion. The experiments are tedious to carry out, 
and the quantity of ethyl chloride gas necessary to shift the curve 
towards zero, an effect foreshadowed by the curves in the figure, 
was therefore not investigated. The results indicate that when 
an atom of a molecule is ionised by an a-particle the whole 
- molecule may sometimes be broken up into its constituent atoms. 
There is other evidence that such a thing very likely happens. It 
has been observed that various gases, principally hydrogen and 
oxygen, are gradually formed in a closed chamber containing 
radium. ‘This has been supposed to be due to the decomposition 
of the moisture by the rays from the radium. 

If the foregoing explanation is true, then the addition of 
hydrogen to a gas whose molecules contain atoms of hydrogen 
should not have the same effect as previously, but the curve 
for the positive ion should be shifted away from the zero. The 
gas initially in the chamber would in this case already contain 
free positive hydrogen ions, and the addition of hydrogen, which 
gives rise to the same kind of ion, would therefore shift the curve 
away from the zero as we have seen happens in the combination 
of gases whose curves are given in figures 4 and 5. An experiment 
carried out with ether showed that this is the case, the curves 
obtained being shown in fig. 6. 

The experiments carried out by various observers on the mass 
of the positive ion in a discharge tube, especially those by Sir J. J. 
Thomson, should be mentioned in connection with the results 
described in this paper. In these experiments a stream of positive 
particles moving with a high velocity is subjected to a magnetic 
and electric field at right angles to one another, and the deviation 
of the particles from their paths made visible by allowing them to 
fall on a Willimite screen. A number of bright spots are usually 
obtained, indicating the existence of positive particles of different 
masses. Sir J. J. Thomson in one of his papers* showed that the 
spot due to hydrogen was increased in brightness when a small 
quantity of gas was added whose molecules did not contain 
hydrogen atoms. The experiments seemed to show that the 
nature of the simple positive ion was independent of the nature 
of the gas in which it was made, and consisted of the hydrogen 
atom positively charged. But there is an important point that 


* Phil. Mag., May 1907, pp. 561—575. 
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has to be taken into account in this connection. It was mentioned 
in a previous part of this paper that the ion is not stable at constant 
temperature, but goes through a series of changes involving clusters 
of different complexities having different periods of life. In a dis- 
charge tube the period of life of a cluster is usually larger than 
the time it takes to cross the tube, and it is therefore possible to 
obtain evidence of its existence. From the investigation given in 
connection with the process of change in clustering of an ion it 
will appear that the variety and number of different clusters that 
fall on the screen are regulated by a number of different factors. 
Thus when the mean free path of a cluster becomes comparable 
with the dimensions of the tube the number of sets of different 
clusters and the number of clusters in each set depend on the 
dimensions of the tube and the pressure of the gas it contains. 
Further, the addition of another gas to the tube may have the 
effect of increasing the intensity of a spot on the screen due to a 
gas which does not contain the same kind of atoms as the gas 
added. The relative proportion of the different clusters or charged 
molecules in a gas, in the composition of which a number of different 
atoms enter, is regulated by the laws of thermo-dynamics and the 
law of mass action when the volume of the gas is large in com- 
parison with the mean free path of a cluster. When this is no 
longer the case the dimension of the volume of the gas enters as 
another factor. The addition of another gas to the tube changes 
the conditions of equilibrium which may result in an increase in 
the proportion of one or more of the gases. It will be evident 
therefore that the experimental result quoted may be explained 
in more ways than one. 

Sir J. J. Thomson after further perfecting the method of 
investigation obtained evidence that the atom can be positively 
charged without having a positively charged body of the mass of 
a hydrogen atom attached to it. But in all these experiments 
hydrogen atoms positively charged were present in the tube. Two 
possible explanations of the results present themselves: viz., that 
the smallest positive particle that can be obtained from an atom 
is the atom minus a negative electron; or, that the smallest 
positive: particle is the hydrogen atom minus an electron, but 
which is not always separated from its parent atom during ionisa- 
tion. If the explanation given of the experimental results described 
in this paper is the correct one the former explanation has to be 


adopted. 


In conclusion I wish to thank Professor Sir J. J. Thomson for 
his interest in these experiments. I should also mention that part 
of the apparatus used was purchased out of a research grant from 
the Royal Society. 
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On the Properties of Substances connected with the Kinetic 
Properties of the Molecules. I. By R. D. Kieeman, B.A 
(Emmanuel College), D.Sc. (Adelaide). 


| Received 31 May 1912.] 


IN a previous paper* the writer has deduced general formulae 
for the coefticient of viscosity, conduction of heat, etc., of a substance. 
In this paper the formulae will be considered in greater detail, 
and further applications to the facts given. 


The Radius of the Sphere of Action of a Molecule 
in a Pure Substance. 


In the paper mentioned it is shown that the viscosity 7 of a 
pure substance is given by the equation 


Tix Meni: seasacceesaetee se eee eee (1), 
where /, denotes the mean free path of a molecule, m,, its absolute 
mass, and n, the number of molecules crossing 1 cm. at right 
angles in one direction per second which is equivalent to the 
number actually crossing the cm.’ in one direction at all angles. 
For the exact definition of the mean free path of a molecule in 
the case of viscosity the paper mentioned must be consulted. 

The quantity n, is given by the equation 


12584 x10 V Tin, = Pa +p. scacereaeeecres (2), 


where m, is the mass of a molecule relative to that of a hydrogen 
molecule, p is the external pressure and P, the intrinsic pressure 
of the liquid. The value of P, is approximately given by 


Be - SNORT Se (3), 
and by ype DN ane ge renee en te Pe (4), 


where a denotes the coefficient of expansion with rise of tempera- 
ture, 8 the coefficient of compression at the constant temperature 
T, p the density of the substance, and L, the energy necessary to 
separate the molecules of a gram of substance by an infinite distance 
from one another. At low temperatures Z, is the internal heat of 
evaporation. 

The value of 7, has been calculated+ in the case of a few 
liquids by means of equations (1), (2), and (8). 

The effect of the attraction of the molecules on one another 
and their actual volume on their mean free path may conveniently 


* Phil. Mag., July 1912, pp. 101—118. + Loc. cit. 
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be supposed to be the result of each molecule consisting of a 
sphere of attractionless matter which produces the same effect 
as the molecular attraction and the actual volume. The radius o, 
of this sphere may be called the radius of the sphere of action of 
the molecule. It is connected with the mean free path of the 
molecule by the equation 


——— 


l67N,o2 ais sveislepsiajpowieielviels(eicleiielaieiata (5), 


where NV, denotes the number of molecules in ac.c. The values 
of o, are given for a few liquids in Table I, using the eer of 1, 


found previously, NV, being given by the equation NV, ee: taking 
the absolute mass of a hydrogen atom equal to 1°61 x 10 grm. 


TABLE I. 
| Substance | t p h O71 
Benzene ......... [rine ‘9001 | 7:02x10-%ems.| 1:09 x 107% ems. 
Chloroform...... | 0 1:5264 | 4:14 es 442 ~«C«s 
Methyl pine lee | 5 
Tsobutyrate J | 18-2 8891 4:59 - | 1:54 PA 


The values are smaller than those obtained from viscosity data 
when the molecules are in the gaseous state. This shows that 
the apparent radius of a molecule is largely due to the field of 
force surrounding it. Thus when the density of a substance is 
so great that the molecules are considerably under the influence 
of each other’s attraction, the effect of one molecule on another is 
to a certain extent neutralized by the other molecules, which 
produces a decrease in the value of o, from that obtained when 
the molecules are in the gaseous state. 


A Property of the Coefficient of Viscosity. 


On combining equations (1) and (2), we obtain the equation 


Lma(Pnt 
n=— ( lis eee (6). 
2:534 x 10-°V Tm, 
In previous papers* the writer has shown that P, =k,p-, and 
p=k.p., where p, denotes the critical pressure, and fk, and k, 


* Phil. Mag., Oct. 1910, p. 668; Phil. Mag., March 1911, p. 337; Proc. Camb. 
Phil. Soc., Vol. xvi. Pt vi. p. 546 


connected with the Kinetic Properties of the Molecules. 633 


quantities which have the same values for all substances at corre- 
sponding states. It is not unlikely that also 


Us sake Lixo Mie Shc aD (7), 


where /, denotes the mean free path of a molecule at the critical 
point, and /, a quantity which has the same value for all substances 
at corresponding states. Equation (6) could then be written 


where k, has the same value for all substances at corresponding 
states. According to this equation the ratio 2 should be the same 


2 
for all liquids, where 7, and », refer to two corresponding tempera- 
tures. This is tested in Table II for a number of liquids, the 


TABLE II. 


t mand m2 | m/n2 t m and 72 | m/n2 t mand 72 | m/n2 


Ethelene-bromide, C,H,Bre | Ethelene-chloride, CyH4Clo Propyl acetate, C;H1 0.9 


18°4 | 01767 | thei OLOOG 1:6 | :007638 
1:770 1:693 | 1:693 
60 009985 | 47°8 | -005903 | 40°8 | :00451 
Ethyl! propionate, C;H,)02 | Methyl! butyrate, C;H,)02 | Methyl isobutyrate, C;5H 902 
—o ‘007040 2°5 | -00734 | 3 | 007011 | 
1:822 | 1-657 1-686 
38:6 | 003864 41:9 | -:00443 | 39°3 | 004160 | 
Thiophen, C,H,S Benzene, CgHg Toluol, C;Hs 
pay | 00644 3°8 | -008680 23°9 | 00560 
| 1579 1831 1555 
64:3 | ‘00408 43°3 | -:004740 66°3 | :00360 
Ethyl benzene, CgHi9 Propionic acid, C3H,0» Butyric acid, CyHsOQ, 
36°7 | 00550 33°4 | -009169 | oro Pe OLI5S 
1-540 1°635 LT 
80:9 00357 ; ‘005605 76:1 | -007016 
Octane, CgH4, Carbon tetrachloride CCl, Alcohol, C:H,O 
11:6 | :006060 5 0124 30°5 | :009895 
1-603 1‘781 1:750 
52:2 | 003783 | 44:7 | -00696 74 005654 
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values of 7, and 7, corresponding to the temperatures = and = 
respectively. It will be seen that the ratio is roughly constant, 
showing that the condition expressed by equation (7) is at least 
approximately satisfied. 

Although in the case of a liquid the mean free paths of a 
molecule which occur in viscosity, conduction of heat, and diffusion 
are not equal to one another*, yet on account of their similar 
nature each probably obeys the condition expressed by equation (7). 


The Average Velocity of a Molecule in a Pure Substance. 


The velocity of a molecule in a substance is continually changing, — 


due to the attraction of the molecules upon one another, the effect 
being increased with an increase of density of the substance. When 
the molecule passes through a point at which the forces of the 
surrounding molecules neutralize one another, its velocity is equal 
to that which it has in the gaseous state at the same temperature f. 
But the average velocity is much greater than this velocity{. It 
will be of interest therefore to obtain a formula for the average 
velocity of a molecule in a substance. 

Suppose a molecule undergoes a displacement # in any given 
direction. Energy is expended upon it due to the attraction 
exerted by the surrounding molecules. The attraction between 
(= Vm? (= Vm’? 
EE all or (p). 2B = 
where z denotes the distance of separation of the molecules, z, the 
distance of separation of the molecules of the substance in the 
critical state, 7’ the temperature and T’, the critical temperature, 
and =m, the sum of the square roots of the atomic weights of 
the atoms of a molecule. The change in the kinetic energy of the 
molecule due to the attraction of one of the surrounding molecules 

we 2 
is therefore i “($). CHEN: 
NXg 2 


separation before and nx, after the displacement, 2, denoting the 
distance of separation of the molecules of the substance. The 
total change in kinetic energy of the molecule due to the attrac- 
tion of the surrounding molecules is therefore 


CES (ra, Vm)? N= [Nig Vm) 1 
E [Se ae "FG. Pa 


two molecules is given by ¢ (7 4) 


.dz, where wa, 1s their distance of 


* Toe:sctt: 
+ Proc. Camb. Phil. Soc., Vol. xv1. Pt vi. pp. 540—542. 
+ Phil. Mag., July 1912, ‘pp. 102, 103; Proc. Camb. Phil, Soc., Vol. xv1. Pt vii. 
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AG. 
This expression may be written Wy, ( sy Ry Since 
| fy 
Lq= (“2 it may also be written K, ( e) (> Vm), where K, 


has the same value for all substances at corresponding states. 
It can be shown that all the possible displacements a molecule 
can undergo in substances at corresponding states are the same 
fractions and multiples of the distances of separation of the 
molecules, or, the possible values of n and w are the same for 
substances at corresponding states. The molecules of a substance 
at the absolute zero have no motion of translation and are there- 
fore in contact with one another. The actual volume a molecule 
occupies is thus equal to that it occupies at the absolute zero, 
or at least proportional to it. In substances at corresponding 
states it is thus proportional to the apparent molecular volume. 
Thus the fraction of the total volume of the substance available 
for motion of the molecules is the same for substances at corre- 
sponding states, and the above statement then at once follows. 
Let us consider two liquids at corresponding states at an 
instant when the molecules are similarly situated with respect 
to one another in each case. Consider a molecule in each liquid 
which is similarly situated in respect to the surrounding molecules, 
that is, so that each is situated at distances from the surrounding 


n=b 
molecules given by = na. The component of motion of each 
N= 
molecule representing its temperature energy is in the same 
direction with respect to the situation of the surrounding mole- 
cules. This kinetic energy is equal to 7. The component of 
motion representing the kinetic energy due to the attraction of 
the surrounding molecules is also in each case in the same 
direction with respect to the surrounding molecules. The kinetic 
energy in the latter case, from what has gone before, is equal to 


K;, ( eve Vm), where K, has the same value for all substances 


a 
at corresponding states. Now in previous papers* we have shown 


that ; 
em 2 Pe 3 DUN, 
a &) (Simi P wskets en ga), 


where H? has the same value for all substances at corresponding 
states. The foregoing expression may therefore be written a7’, 
where @ has the same value for all substances at corresponding 
states. It follows therefore that the direction of motion of the 
resultant kinetic energy is in the same direction with respect to 


* Phil. Mag., Oct, 1909, p. 509; and May i910, p. 787. 
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the surrounding molecules in both cases, and equal to b7, where b 
has the same value for all substances at corresponding states. It 
follows therefore that the average velocity of a molecule is the 
same multiple of the velocity of a molecule in the gaseous state 
in all substances at corresponding states. Further, if V, denote 
the average velocity of a molecule 1, and V;, that corresponding 
to its temperature, we have 


Vee ON ig ae ee (10), 
m,& 
T\3 3 att 
and Va=a,(—] = i Som «tones veer (11), 


m® 


where k, and k, have the same value for all substances at 
corresponding states. 


A Radius of the Sphere of Action of a Molecule from 
the Equation of State. 


In a paper written previously to this (which has not yet 
appeared in print) it is shown that the equation of state may 
be written in the form 


V7 ae 
Vim (v, — 167 Wyw2/38mq) ia) 


where V, denotes the average velocity of a molecule, V;, that 
corresponding to the temperature in the gaseous state, v, the 
volume of a gram of substance, w, the actual radius of a mole- 
cule, and W,, the radius of the sphere of action of a molecule 
which gives rise to actual collision between two molecules*. Now 
in a previous paper? we have shown that 


pt+tPr= 


Pe (£)"e Vay ee (13), 
and p=? (£.)" (SV ni Pi ba ete ee (14), 


where K, and M? have the same value for all substances at 
corresponding states. On substituting the values of Pz, p, Vi, 
Vn, and 7, given by the equations (13), (14), (10), (11), and (9), 
in equation (12), we see that it may be written 


Mm 


Wire occ ccc cccccesccene (15), 


* The equation can be established in the same way as an equation in the last 
section of this paper. 
+ Loc. cit. and Phil. Mag., Dec. 1909, p. 903, and May 1910, p. 788. 
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where F, is the same for all substances at corresponding states. 
We may therefore write 


ee er oe She aa ay (16), 
and W,, =F, el ae ee (17), 


where F, and F,; have the same value for all substances at 
corresponding states. The radius w, is not equal to the radius 
o,, but is smaller; the ratio of the two should, however, be 
constant. 

The value of W,, given by equation (17) applies only to a 
substance of such a density that the term 167 W,,w2/3m, is not 
negligible in comparison with v, in equation (12). The value of 
o,, which is proportional to W,,, for substances of less density than 
that, will be investigated in the next section. 


A Mean Free Path and a Radius of the Sphere of Action 
of a Molecule from Maxwell's Equation. 


If the molecules in a gas are regarded as centres of force, and 


¢ B 
two molecules attract one another according to the law re where z 


denotes their distance of separation, and B a constant depending 

on their nature, the coefficient of diffusion 6,, of molecules 1 in 

molecules 2 is given according to Maxwell by 
= be 


12 1 


1 
ore B a 


MM, Mz (M, + My) 


x 


where py, Pi, Po, P2 are the partial pressures and densities of the 

molecules 1 and 2 respectively and m, and m, the molecular 

weights and p=p,+p,. From previous work it appears that 

the attraction between two molecules 1 and 2 is approximately 

Vom! & Vm! 

2 Mate! ZN ly = Vs , wliere G, is a function of the tempera- 
Z 


given by G, 


ture, and > Vm,’ denotes the sum of the square roots of the atomic 


weights of the atoms of molecules 1, and SV m, has a corresponding 
meaning. If the number of molecules 1 is small in comparison 
with the number of molecules 2 the above equation becomes 


mM, + Mz, 


oe — | $s | Coe ee c.s00 6 aeles 
N, fmm m> Vm > my) 
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where G, is a function of the temperature and WN, is the concen- 
tration of the molecules 2. The coefficient of diffusion calculated 
from this equation agrees well with the facts*. 

From the kinetic theory of gases we have 

BRT\t 

Mm, 
if the number of molecules 1 is small in comparison with the 
number of molecules. 2, where J,, denotes the mean free path of 
a molecule 1 and V, its velocity of translation. Equating the 
values of 8, given by equations (19) and (20) we obtain 


Gs Mm, + Mz 2 
a= 3. = Sa seats eee (21), 
where G, is a function of the temperature. The ratio of the mean 
free paths 1,. and J;. of a molecule 1 and 3 is therefore given by 
lio (m+ ms Pa = 
ey eS +m, > 4/ my 
The mean radius oy. of the sphere of action of a molecule 1 


810 = LV, = A ( 


Lsy 


and 2 is given by be = TEN aoe Or 
2 12 


=( 3 ) m= Vimy & Vm, 4 (23 
“al he ea a a « disuse awison 
This equation holds independently of the relative densities of the 
molecules 1 and 2. The ratio of o, to o» 1s given by the equation 
Ty. em > Vm) 
Ga mM +m, > Vv me 
When the molecules in a substance are all of the same kind, 
say of 1, the law of attraction between two molecules is 


= Vm’)? 
($) Bae 
The function (), which may be taken approximately a function of 


the temperature only+, has the same value for all substances at 
corresponding states. The quantities G, and G, in equations (19) 


and (21) are then equal to a8 and — respectively, where a 


and b are numerical constants. Equation (21) then becomes 
oT? V2 p\3 bHV2 G. /p\3 
a —=( ) we (£) (25), 
N,(6)2?2Vm/ S/N, (dp)? MN, \m 


* Phil. Mag., May 1910, pp. 806—807. 
+ Proc. Camb. Phil. Soc., Vol. xvt. Pt vi. p. 555. 
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by the help of equation (9), where G, has the same value for all 
substances at corresponding states. It follows therefore that 


1 
3 
wee, (| Sst onal he eh (26), 


where F’, has the same value for all substances at corresponding 
states. This equation is the same in form as equation (17). It 
appears therefore that each holds in general, that is, applies to 
matter of any density; and that this probably also applies to 
equations (21) and (23). We shall obtain results in a subsequent 
paper showing that this is the case. 


The Nature of the Constant in the Viscosity Equation. 
By means of equations (26) and (5) we can give equation (8) 


a more convenient form. It may now be written 
2 


where k, has the same value for all substances at corresponding 
states. This equation is tested in Table III, which contains the 


TABLE III. 

Substance n (Exper. ) | 7 (Calc.) 
Methyl butyrate ... 00734 ‘00829 
Benzene: soi, & ‘00868 ‘008602 
Heptane....:....-.3 005367 006615 
WEbANC a ates ccs eee ‘00606 006655 
Carbon tetrachloride 0124 ‘01169 
Ethelene-bromide ... ‘01767 01734 


values of » for a few substances corresponding to the temperature 
a and the values of the right-hand side of equation (27) putting 
k;=759 x10. The value of p, in the case of ethelene bromide 
RT .p. 
3°77 mM, 
ment between the two sets of values is very good. This is further 
evidence that equation (26) holds approximately in general. 


was calculated by means of the equation p,= The agree- 
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The Nature of the Temperature Function in the 
Viscosity Equation. 


It is of importance next to obtain an expression for k,; in 
equation (27). This can be done by the help of some theoretical 
investigations by Porter*. He showed that the viscosity of a 


liquid is in all cases given by an equation of the form f(7) = A,+ 7 Te : 
where f (7) is the same function of 7 for each substance, but whose 
form was not determined by the investigation, and A, and B, are 
constants which depend on the nature of the liquid. The writer 
found that a fair agreement with the facts is obtained on putting 


fa= nf. Using this form of the function, the values of the 
constants A, and 5, were determined from the viscosity of n- 
octane. Equation (27) then became 


—14 
_™! pel0™ 1229 + 3°245 at reer 5 (28). 
x i 203 ‘ : 


This equation is quite general but it will give only a rough 
agreement with the facts in some cases, since f, is only approxi- 
mately the same for all substances at corresponding states. 
However, it gives one some idea how the viscosity depends on 
the nature of the liquid. 


The Partial Pressures exerted by the Molecules in a Mizture. 


We have seen? that if n, denotes the number of molecules in 
a substance crossing a plane 1 cm. in area in one direction, the 


pressure they exert is equal to n,1:26x10-"V7m,. This applies 
whether the molecules occur in a pure substance or in a mixture, 
In the case of a gas we then have 
m1:26 x 10-V Tm, =p, = ET een (29), 
mV; 

where p, denotes the partial pressure of the molecules 1, and », the 
volume in which one gram of molecules 1 occurs. In the case of 
a liquid this equation does not hold. But an equation can be 
found which holds in general. 

Each molecule 1 crossing the plane in question gives rise on 
the average to a pressure 1:26 x 10-"°V 7m, dynes independent of 
the density and nature of the mixturet. The number crossing 1s 
equal to the average velocity V,, and we must therefore multiply 


* Phil. Mag., April 1912, pp. 458—462. + Ibid., July 1912, pp. 101—118. 
— Loc. eit. 
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the right-hand side of equation (29) by the factor ug , where Vy, 


a 
denotes the velocity a molecule has in the gaseous state at the 
Same temperature. 

But the number of molecules crossing the cm.’ is also influenced 
by the actual volume per c.c. of the molecules 1 and the other 
molecules in the mixture. In the case of a pure substance whose 
molecules exert no attraction upon one another, we must write 
(v—6) instead of v, according to an investigation by van der 
Waals, where b denotes four times the actual volume occupied 
by the molecules. This result can be used as foundation in 
dealing with pure substances or mixtures in which the molecules 
exert attraction upon one another. Suppose we are dealing with 
a mixture of molecules 1 and 2 in which the concentrations are 
respectively NV, and NV,. Let Wy and W,, denote respectively the 
radii of the spheres of action of two molecules 1 and a molecule 1 
and 2, which give rise to actual collision between the molecules. 
Let w, and w, denote respectively the actual radii of a molecule 1 
and 2. If the molecules exert no attraction upon one another we 


: 4, 4, { \2 
would have to write {v — N\4x =7w3— N,Ax 3 7(™ a Ba ) 


3 Zoey 
instead of v,. But the attraction between the molecules increases 
the chances of collision of a molecule 1 with a molecule 1 andia 


lecule 1 with a molecule 2 in the ratio Wa and Wd respec- 
molecule 2 A Pei p 


tively. We must therefore write 


{n —N, i a Ww, — N, ag TT Wie — = 


2 


2 1 
and v,= where m 
mM, ) on NE os 


denotes the absolute mass of a molecule, equation (29) may now 
be written 


instead of v,. Since Va=(—— 


2 i 1:27 x 10, 
Mm=Vils <r eROE (e ae 
: ) Wome” wT W,,w2— N,Nemg £6 TW. a) 
3 3 2 
ere (30). 


The equation corresponding to the molecules 2 is obtained by 
interchanging the suffixes 1 and 2 in the foregoing equation, 
where W,=W,.,. The equations are perfectly general. 

The values of W,, and W,, we should expect to be proportional 
to the distance the two molecules must approach one another so as 
not to get separated again, in which case actual collision is certain 
to occur. The condition for this is that the kinetic energy of a 
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molecule must be proportional to the change in potential energy 
on approach of the molecules. Using the approximate expression 
for the attraction between two molecules, we then have in one 
case 


Wie y m. 
r=| ese > Vm, ae 


Hence the values of the radii are approximately given by 
Wi=X (Sm, 
Wy. = X (Vm = Vm)F, 
Wo. = X (SV m)2, 
where X is a function of the temperature and nature of the 
mixture. The radius W of two molecules must be somewhat 
affected by the vicinity of other molecules; account of this is 


taken by giving an appropriate value to X. 
According to Traube* the volume of a molecule at the 


absolute zero is proportional to }m’, and we may therefore 
write 


w,=kSV mj, 
w,=k>=V mJ, 
where k is a constant. 


* Phys. Zeit., Oct. 1909, p. 667. 
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The Unt Theory of Light. By Professor Str J. J. THOMSON, 
O.M., F.R.S. 


[Read 6 May 1912.] 


On the unit theory of light, radiant energy is supposed to 
have a molecular structure and to be made up ‘of a finite number 
of units. For light with a given periodicity, the energy in each 
unit is constant; the magnitude of the unit depends, however, 
upon the periodicity, and on Planck’s theory is proportional to the 
frequency of the light. For light of frequency p the numerical 
value of the unit on this theory is 655 x 10-"p ergs. This view 
of the structure of light has been introduced for the purpose of 
explaining the connection between the radiation from a black 
body and the temperature of the body; in this case when the light 
is emitted we have the transformation of thermal into radiant 
energy, and when light is absorbed the transformation of radiant 
into thermalenergy. In every case in which this conception of the 
unitary character of light is helpful we are concerned, I think, with 
transformation of energy, while when we are dealing with purely 
optical phenomena, such as interference and the like, the same 
conception leads us into great difficulties, and in the present state 
of the subject at any rate is a hindrance and not a help. 

A view that seems to me to be more in accordance with the 
facts is that though radiant energy may not be distributed con- 
tinuously through the space through which the light passes, it is 
not as on the preceding view made up of constant and invariable 
units; the mechanism, however, by which the transformation of 
radiant energy into thermal energy or thermal energy into radiant 
is effected is a process which has an element of discontinuity in it, 
inasmuch as it proceeds by jumps and not continuously. The 


VOL. XVI. PT. VIII. 43 


644 Prof. Thomson, The Unit Theory of Light. 


transformation is supposed to be effected by the repetition of a 
process in which the amount of energy transformed is finite and 
definite, and consequently the total amount of energy transformed 
is always an integral multiple of a definite unit. Thus when 
transformations from thermal into radiant energy or from radiant 
into thermal are an essential part of the phenomenon, the effects 
produced will be the same as if the light itself were made up of 
definite units, while the explanation of purely optical effects where 
no transformations of energy are involved would practically be the 
same as on the old continuous theory. I discussed a view of this 
kind in some lectures I gave at the Royal Institution this spring 
and also in a paper in the Philosophical Magazine for May 1912. 
In this paper I wish to enter more fully into some questions 
raised by this theory. 

Let us begin by considering the case of the absorption of light. 
Let us for the moment suppose that the light is monochromatic, 
to get absorption it is not sufficient to have in the absorbing 
medium systems in tune with the light passing through them. 
To take a simple illustration, suppose we had a frictionless per- 
fectly elastic spring supporting a charged body, if this were acted 
on by electric waves of its own period it would absorb energy 
from the waves; after the waves had passed over it, however, the 
spring would go on vibrating for some time, losing its energy by 
the radiation of electric waves and it would not come to rest until 
all the energy given to it by the wave bad been radiated away as 
electrical waves of the same period as the primary waves incident 
upon the spring. Thus the energy absorbed by the spring would 
be given out again later on as energy of the same type, this is 
merely a scattering of the primary wave, not absorption. To get 
real absorption of the light the energy that was in the light-wave 
must be transformed into a type of energy other than that of 
a system of charged bodies vibrating with the period of the 
incident light. In most cases when light is absorbed the energy 
in the light is transformed into heat, in others into the energy 
of chemical separation ; in either case it is into a form from which 
the periodic character of the original energy has disappeared. 

To go back to our original example, that of the spring. If 
this snapped when the charged body had acquired a certain 
amount of energy, the spring would act as a true absorber of 
energy, the energy absorbed being that required to break the 
spring. Thus with a system of springs of this kind the energy 
absorbed would always be a multiple of a definite unit, the 
amount of energy required to break the spring. If the energy 
given to a spring were less than this unit the spring would emit 
it later as energy of electrical vibrations of the same type as those 
from which it derived it and there would not be true absorption. 
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Let us consider another case where we might expect that light 
would be absorbed and not merely scattered by the substance 
through which it passed. Let us suppose that in the atoms of 
this substance there are systems of corpuscles with definite times 
of vibration and that some of these are in resonance with the 
monochromatic light which we are considering. Now the pro- 
perties of gases, especially the values of their specific heats, show 
that up to the highest temperatures to which we can at present 
attain there is no approach to anything like equipartition of 
energy between the corpuscles and the molecules and atoms; 
the variation with temperature of the energy of each individual 
corpuscle is infinitesimal in comparison with that of the mole- 
cules, and the energy in the one does not, as it should according 
to the law of equipartition, keep getting transformed into or 
from that of the other until their average energies become equal 
or are in a constant proportion. In this case, when there is little 
or no transference of energy between the corpuscles and the 
atoms, if the corpuscles were set in motion by the electric forces 
in the light-wave, they would not communicate their energy to 
the molecules and thereby raise their temperature; the kinetic 
energy of the corpuscles would, after the wave had passed over, 
be dissipated as light-waves having the same period as the in- 
cident wave, and there would be scattering of the light but no 
absorption. Suppose now, however, that the system got so much 
energy that a corpuscle became detached and flew out of the 
system, then if wis the amount of energy required to detach the 
corpuscle from the system, w units of energy would disappear from 
the ranks of energy with the given periodicity and there would, 
for a time, be absorption of the energy in the light. If the cor- 
puscle remained free for a time and then fell back again into the 
system it had left or a similar one which had also lost a corpuscle, 
it would, when it reached the system, have acquired w units of 
kinetic energy, the system would vibrate with the given period, 
and this energy would be dissipated as electrical waves with this 
period ; taking the two processes, the detachment of the corpuscle 
and its return, together there would again be no true absorption, 
but merely a transference of w units of energy from the primary 
to the secondary wave. 

Suppose, however, that after the corpuscle is ejected it gets 
attached to a molecule or an atom or some system of much 
greater mass than itself, then when it is attracted back to the 
system it has left or to a similar system which has also lost a 
corpuscle, it will drag the heavy mass along with it, and give to 
this mass kinetic energy, this kinetic energy, being that of an 
atom or molecule, will appear as heat energy, while the corpuscle 
itself when it regains the system will be moving so slowly as 
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hardly to start vibrations in the system. We may remark in 
passing that it is by a process of this kind that the transformation 
of the energy of Rontgen radiation into heat when the rays are 
absorbed by gas is effected. The rays ionise the gas detaching 
a corpuscle from some of the atoms, this corpuscle sticks to an 
atom or molecule, giving it a negative charge, and the attraction 
between this and the positively electrified residues sets both 
these into motion, and as the moving bodies are atoms or 
molecules their kinetic energy appears as heat. 

To return to the case of light, we see that by a process of this 
kind the energy of the light would be transformed into heat 
energy and there would be a true absorption of the light. We 
see, too, that the amount of energy so transformed is a multiple 
of the unit w, while if, as in my paper in the Philosophical Maga- 
zine, we suppose that the return of an unattached corpuscle to its 
system is the cause of the radiation, we see that the light-energy 
is emitted in units each equal to w. 

In the case of infra-red radiation such as rest-strahlen and the 
long waves recently investigated by Rubens, where the moving 
electrified bodies are more probably atoms or radicles than cor- 
puscles, the absorption and emission might be continuous and not 
by multiples of a definite unit. Consider for example the case of 
a diatomic molecule AB. Part of its energy is due to the motion 
of the centre of gravity of A and B, part to the rotation of A and 
B round each other. Now in this case the value of the ratio of 
the specific heats shows that the energy due to the translation 
bears a constant ratio to that due to the rotation, so that any 
increase in the energy of rotation will be accompanied by an 
increase in the energy of translation and therefore by an in- 
crease in the temperature. Now if A and B# are rotating round 
each other in a definite period and are exposed to the action of 
light of the same period, they will absorb energy from the lght, 
and this energy will by the ordinary collisions between the mole- 
cules be transformed, partly at any rate, into heat energy. In 
this case there would be nothing corresponding to the detachment 
of a corpuscle from the system; there would be no natural unit of 
energy and the absorption of energy might be continuous. The 
absorption of the infra-red radiations by various gases such as 
ammonia and water vapour, the measurements of which by 
Rubens have recently yielded such interesting results may pos- 
sibly be of this character. It would probably, however, be diffi- 
cult to distinguish in the case of these very long waves between 
the theory of continuous absorption and absorption of a unitary 
character, unless the experiments were made at very low tem- 
peratures; for on the unitary theory the unit gets smaller and 
smaller as the wave-length increases, so that the effects on the 
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unitary theory approximate more and more closely to those on 
the continuous theory. 

If we make the assumption that the absorption of the energy 
in the light involves the detachment from a system of a corpuscle 
with an expenditure of w units of energy we can calculate the 
rate at which the energy of light of a given period is absorbed by 
a number of such systems. 

Consider the case of a spring with one degree of freedom which 
breaks when it has absorbed w units of energy and suppose that 
it is acted on by a periodic force in resonance with it. To make 
the case more analogous to that of light we shall suppose that the 
force acts for a certain time and then stops and after an interval 
begins again and that the phase of the force when it recommences 
is in no way related to the phase in the first period. The problem 
is to find the average energy communicated to a vibrating body 
by n successive applications of a force in tune with the body, the 
phases of the n successive applications of the force being quite 
arbitrary. When an electric force represented by X cos pt acts 
on a mass m attached to a spring and charged with e units of 
electricity then if its free vibrations have the frequency p, the 
equation of motion is 

a 

mae 

where p? = p/m. 
The solution of this equation is 


+ pax = Xe cos pt 


“= nae sin pt + purely periodic terms 


2 mp 
GE = = : = .tcos pt + periodic terms, 


Taking account only of the first term we see that the force 
Xe cos pt, acting for a time ¢, supposed large compared with 1/p, 
increases the velocity by 


yr 


1 Xe 

i t cos pt. 
Hence by the theory of the composition of vectors of arbitrary 
phase (see Lord Rayleigh, Theory of Sound, Vol. 1. p. 40), when 
n forces Xe cos pt, Xe cos (pt +t), Xe cos ( pt + t,) act in succession 
on the spring; t, t., etc. being arbitrary the most probable value 


of (5) when the number n is large is 
bx2e 
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This expression is got on the supposition that the time ¢ during 
which the force acts is the same in each case. If w is the kinetic 
energy of the bob necessary to break the spring, then n the average 
number of applications of the force required to break the spring 
is given by the equation 
_ 16w 
N= ea 2 ‘ 


m 
Tf the intervals between the various forces are small compared 
with ¢, the duration of each spell of force, nt will be the average 
time taken to break the spring, and w/nt will be the average rate 
at which energy is absorbed by the system, and this by the pre- 
ceding equation is equal to 
XAG k 
m 16° 


If there are n such systems in unit volume absorbing energy the 
average rate at which energy is absorbed is 


= ndv area 
m 


“16 

where év is the volume through which the electric force is equal 
to X. Butif # is the energy per unit volume due to the light, 
then 


where c is the velocity of light through the medium. Thus the 
rate at which energy is absorbed per unit volume is 


4 m 


It is possible that some of this energy may appear again as 
electric waves, as some of the corpuscles liberated by the light 
may fall back while still in the corpuscular state and give out 
the energy again in this form, and these ought not to be counted 
as producing absorption. Suppose that this return of the cor- 
puscle occurs in a fraction k of the cases in which a corpuscle 
is split off, then A the absorption of light-energy per second 
per cubic centimetre is given by the equation 

7 nc et 


f= 


-H(1—-k). 
m 

Let us now turn to the case of the production of the radiation. 
We shall make the same supposition as in the paper in the Phalo- 
sophical Magazine, May 1912, that the emission of the radiation 


Prof. Thomson, The Unit Theory of Light. 649 


of this definite period is due to a corpuscle falling back into a 
system from which it had been detached or into a similar one. 
Owing to the attraction between the corpuscle and the system 
the corpuscle when it regains the system will have an amount 
w of kinetic energy, and this will diffuse away as radiant energy, 
the period of vibration being that of the system completed by the 
return of the corpuscle. 

If € is the number of free corpuscles per unit volume, 7 the 
number of atoms which have lost a corpuscle, then the number of 
recombinations in which the corpuscle is restored to its own or to 
a similar system is proportional to &) and the energy radiated 
to w&. Now consider equilibrium between the three phases 
measured by &, 7, and n, n being the number of the undissociated 
systems. It requires an expenditure of energy equal to w to pass 
from the phase n to the phase (&). Hence by the Theory of 
Dissociation (see J. J. Thomson, Application of Dynamics to 
Physics and Chemistry, p. 199), 


En = nf (@) <i 


when @ is the absolute temperature of the system, R the gas 
constant and /(@) a function of @ only. Since the rate at which 
radiation is emitted per unit volume is proportional to &y it will 
by the preceding equation be proportional to 


wnf (O)e F?, 


hence if the energy emitted is equal to the energy absorbed, as it 
will be when things are in a steady state, we have 


wnf(@)e =a ZnB ——b.(1—k) 


when @ is a constant, or 


Ra 4wma f (0) 
Pree ies. 


The period of vibration of the light does not appear explicitly 
in this expression for #, the quantity which takes its place is 
w the work required to separate a corpuscle from the system. 
This work will, however, be connected with the time of vibration 
and for systems of a certain type w will be proportional to the 
frequency of the vibrations. For suppose the system from which 
the corpuscle is withdrawn consists of an electrical doublet AB 
and the corpuscle P; the corpuscle being prevented falling into 
the doublet by a strong magnetic field, the lines of magnetic force 
being at right angles to AB.P: then if M is the electrical 
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moment of the doublet, the frequency of the vibration of a cor- 
puscle displaced at right angles to AB 


i 2Me : 
MV m.OP* 


The work required to remove the corpuscle from the system 


iP iF 2Me 1. Me 
- OP rr “'NOrt 


hence if p is the frequency, 


2 
ie wa) ge 


so that in this case w is proportional to p and the exponential 
8 


p 
term in the expression for # will take the form e , as in Planck’s 
expression. 

It may be objected that inasmuch as on our view the radiation 
is due to the falling in of a corpuscle and that by this process 
a finite and definite amount of energy is radiated from the 
system, light on this view is made up of finite units just as on 
Planck’s theory; this objection is, however, founded on a mis- 
conception. It is true that on this view the light is emitted with 
a definite amount of energy, but this energy only remains intact 
as long as the light does not pass through matter. When it 
passes through matter it sets systems of corpuscles in vibration, 
and these vibrations give rise to scattered light whose energy is 
derived from that in the primary, so that when light has passed 
through any considerable portion of matter the energy in the 
primary bundle will have been divided up into a great number 
of portions with probably no kind of equality between them. This 
subdivision of the light up into these much smaller subdivisions 
makes the structure in a light-wave much more nearly continuous 
than on Planck’s theory, and this close approach to a continuous 
distribution avoids all the difficulties about the interference of 
very faint light which are so formidable on that theory. The 
greater the number of atoms passed over by the primary wave 
the greater is the subdivision of its energy and the more closely 
does the distribution of energy in the radiation approach to the 
continuous distribution postulated on the ordinary theory of light. 
If the light were produced in gas at a very low pressure we should 
expect that in the gas itself the energy in the radiation emitted 
by a luminous atom or molecule would not be nearly so much 
subdivided as after it had passed through the glass walls of the 
tube enclosing the gas, and so that the energy in the light inside 
the vacuum tube might be not nearly so uniformly distributed 
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through space as when it got out of the tube. It would be 
interesting to test this point by seeing whether interference 
fringes could be produced as easily and to the same extent in 
a good vacuum as under ordinary conditions: the light being 
produced in the vacuum either by the electric discharge, or 
preferably by canal rays. 

The rapidity with which the energy in the primary beam 
would be subdivided up into secondary beams would also depend 
to a considerable extent upon the number of wave-lengths included 
in the train of primary radiation. If there are only a few wave- 
lengths in this train resonance will hardly have time to come into 
play and there would not be much loss of the primary energy in the 
formation of secondary waves. There will only be a few waves in the 
primary beam when it comes from the luminous atom if the dissi- 
pation of the kinetic energy of a system of corpuscles by radiation 
is very rapid, so rapid that all the energy is exhausted before more 
than a small number of vibrations have taken place, we might 
expect that this would occur with very small wave-lengths, such 
as those comparable in thickness with a Réntgen pulse. If radia- 
tion of this kind were shot out from the vibrator in a definite 
direction and not uniformly over the whole of the surface of a 
sphere, it would continue to travel along this direction, losing but 
slowly either definiteness of outline or energy; in such cases as 
these resonance would be of but little importance, the energy 
communicated to a system in the path depending mainly on the 
energy in the primary beam. ‘Thus in the case of the emission of 
negative corpuscles from a piece of metal exposed to Réntgen rays 
a corpuscle may be able to get its energy from a single pulse of 
Réntgen radiation. When, however, corpuscles are emitted from 
the metal under the action of ordinary light, the energy in the 
radiation has probably undergone considerable subdivision since 
it was emitted from the luminous molecule, and we should ex- 
pect resonance to come into play. I have suggested that the 
fact that the velocity of the corpuscles ejected, while they depend 
on the wave-length of the incident light, is to a considerable 
extent independent of the intensity, can be explained by the 
existence within the molecules of corpuscles describing orbits 
round electrical doublets with a velocity proportional to the 
square root of their frequency round their orbits. Light of this 
frequency acts by resonance on the doublets, twisting them round 
until they can no longer retain the corpuscles which escape with 
a velocity which is thus fixed by the frequency of the light- 
vibration. 

As these corpuscles possess a definite amount of energy e when 
they are emitted they will be able to detach a corpuscle from 
a system with which they come into collision if the energy e, 
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required for this purpose is less than e. The falling back of this 
corpuscle into the system from which it was detached will cause 
a wave-train of energy e, (e, less than e) to be emitted from the 
system, and as the energy is proportional to the frequency the 
frequency of the light excited in this way, “the fluorescent light,” 
will be less than that of the incident light. Similar considerations 
apply to the characteristic Réntgen radiation which is emitted by 
the elements when they are exposed to Rontgen rays harder than 
the characteristic. This characteristic radiation may be regarded 
as due to the return of a corpuscle to a system from which it has 
been detached. When the hard radiation falls on the element it 
gives rise to the emission of corpuscles which have so much energy 
that they are able to detach corpuscles from the systems responsible 
for the characteristic radiation; they only do so, however, because 
the characteristic radiation is softer than the incident. If the 
incident were softer than the characteristic, the corpuscles shot 
out by the incident light would not have sufficient energy to 
dissociate the system producing the characteristic radiation. 
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From the experiments of Langevin and Kovarik it is generally 
assumed that at low pressures the negative ions in gases have 
greater mobilities than the inverse pressure law requires. The 
experimental evidence however has been confined to two gases 
only—air and carbon-dioxide. In some work by the writer on the 
mobilities of positive ions at low pressures* it has been found that 
these also depart from the law but at a much lower pressure than 
in the case of the negative ions. For different gases this critical 
pressure appears to be approximately proportional to the mobility 
of the ion in the gas at ordinary pressures so that the denser the gas 
the lower the pressure is at which the abnormal increase in the 
mobility begins. In some work not yet published the author finds 
that this relation between the critical pressures holds good but 
the critical pressure itself depends on the dimensions of the 
apparatus and the magnitude of the alternating electric field. 

The present paper contains the results of some experiments on 
the variation of the mobility with the pressure for the negative 
ions in several gases; and for the same apparatus and if the rate 
of alternation of the field is kept constant, a similar relation is 
found to hold between the critical pressure and the normal mobility 
as holds for the positive ion. 

As the apparatus used was almost identical with that described 
in a previous communication to this society + there will be no need 
to describe its detail. A section of the gas in a vessel at reduced 
pressure was lonised by a beam of Réntgen rays and the negative 
ions produced were directed to a gauze beyond which there was 
an alternating electric field, uniform at every instant. The field 
which directed the negative ions to the gauze of course conducted 
the positive ones away from the alternating chamber. A metal 
plate in connection with a tilted electroscope formed one boundary 
of the alternating chamber while the gauze formed the other. By 
gradually increasing the intensity of the alternating field a point 
would be reached when the electroscope plate began to receive 
a charge. From this value of the field the mobility was calculated. 


* Phil. Mag., Nov. 1911, p. 791. 
+ Proc, Camb. Phil. Soc., xv1. 21. 
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The following tables and curves show the relation between the 
pressure and the product of pressure and mobility for the gases on 
which experiments were made. 


Air 
Pressure (ems.) "1545 13:6 9978, 7-35 B72; 4:38) 3-64 
pk 15672 157). 16012179, SUS 6s es 
Co, 

Pressure (ems.) 12°3 7°72. 5°38 4:39 3°81 3°11 2-80 2-23 1-91 
pk 84 90 97 113. 112° 130 “170 20a 
HS 
Pressure (cms.) 15:3. 11:6 6-72 5:20 4:33 3°61 2°92 2-42 1-87 
pk 60 59 62 66.) (691) 74 81 91 95 
SO, 

Pressure (cms.) 10°4 5°92 3°63 2-48 1:77 1:26 -98 

pk 39 4] at AS #4 46 Al 
H, 

Pressure (cms.) 28°0 22°9 17:1 13:3 

pk 630 730 750 890 


It will be observed that roughly the pressures at which the 
mobilities begin to show abnormality are proportional to the normal 
mobilities in the gases. With air and carbon-dioxide the abnormal 
increase begins at a lower pressure than that observed by Langevin 
and Kovarik, both of whom used those two gases. An explanation 
of this difference is probably to be sought for in the fact that in 
these investigators’ experiments the ions were produced inside the 
measuring chamber while in the present experiments they were 
formed outside and had time to reach an equilibrium condition 
before being subjected to the alternating field. Kovarik* found that 
at low pressures the rate of alternation of the field made a difference 
in the mobility of the ions and the lower the pressure the bigger 
was this difference. This fact agrees with the explanation that 
the ions require an appreciable time to reach an equilibrium state. 
For with a higher rate of alternation, a higher maximum potential 
would be required to take the ions across the measuring chamber, 
and if the ions in their initial stage were corpuscles they would 
travel a bigger fraction of the distance in a large field than in 
a small one, before reaching equilibrium conditions. 

There is evidence that even after traversing several hundreds 
of free paths many ions exist in their initial simple condition. 


* Phys. Rev., xxx. 4, 420. 
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Dempster*, who has measured mobilities of positive and negative 
ions at very high pressures, mentions some results with the negative 
ions which support this view. He produced his ions in an ante- 
chamber and introduced them into the alternating chamber by 
putting on a field, much in the same way as in the writer’s exper1- 
ments. Although there must have been many hundreds of 
collisions he observed that an intense driving field in the ante- 
chamber resulted in bigger mobilities. Townsend} has pointed 
out that a considerable number of ions exist as corpuscles at a 
distance of 8000 free paths from their birthplace, and this when - 
the field was much too small to cause ionisation by collision. 


pressu re ems. 


It is reasonable to suppose that however low the pressure, given 
sufficient time, the ion would reach an equilibrium state identical 
with that at high pressures. Some experiments were made, not 
very successful but perhaps interesting to mention, to test this 


* Phys. Rev., xxiv. 53. 
+ Phil. Mag., 1912, 857. 
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point and to find how far the corpuscles must travel before reaching 
a steady state. 

The ions in this case—one could not get sufficient at the lowest 
pressures with X-rays—were produced by heating lime to incan- 
descence on a strip of platinum. By means of a wire wound on a 
glass rod projecting through a ground glass joint into the con- 
taining vessel, the distance of the strip of platinum from the 
gauze of the alternating chamber could be adjusted. To allow for 
their necessary movement up and down the leads to the strip 
‘dipped into long glass tubes containing mercury. 

On making experiments with the hot strip within one or two 
millimetres of the gauze the mobilities were found to vary con- 
siderably with the temperature of the strip, while at distances of 
one or two centimetres temperature made no difference to the 
mobility obtained. This increase in mobility with increase in 
temperature of the strip when the source of ions was near the 
gauze of the alternating chamber shows that apart from distance 
temperature has a big effect on the mobility. Varying the distance 
of the strip at close quarters, keeping 1t at constant temperature, 
gave different mobilities due to the penetration to different 
distances of the sphere of heated gas round the platinum into the 
measuring chamber, and also to the effect sought for if it existed. 
There was no way of separating the effects easily. 

When the distance and temperature of the strip, and the 
pressure of the gas were maintained constant so that the heating 
effects would be constant, it was found that increasing the “ driving ” 
potential increased the mobility. This was much more evident 
with the strip at a millimetre than at a centimetre from the gauze. 
It was also less evident at a higher pressure than at a lower 
pressure, as might be expected. ‘This will be seen from some of 
the readings given below. 


Pressure = 8°6 cms. Distance of strip = 3°1 cms. 
Driving potential 12 20 30 40 80 
Mobility 169 170 170 176 180 

Pressure = 8°6 cms. Distance of strip = 0:2 cm. 
Driving potential 12 20 30 40 80 
Mobility 191 196 199 210 232 

Pressure = 3°2 cms. Distance of strip = 3°2 cms. 
Driving potential 12 20 30 40 80 
Mobility 339 338 348 350 359 

Pressure = 3°2 cms. Distance of strip = 0°1 cm. 
Driving potential 12 20 30 40 80 


Mobility . 409 419 431 448 469 
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The increased mobilities at the same pressure with the strip at 
the shorter distance must be put down to the increase in tempera- 
ture of the measuring chamber. 

At these pressures the ions must experience many hundreds of 
collisions before reaching the gauze of the alternating chamber 
and even then they cannot have reached equilibrium as the effect 
of variation in the driving force shows. When the source of ions 
was at a big distance from the gauze so that there would be no 
heating effect in the alternating chamber the mobilities at the 
lowest pressures even with the smallest driving fields were above 
the normal value. In some experiments, the results of which are 
not yet published, the author has been able to get positive ions to 
oscillate under an alternating field over a distance of more than 
20 cms. With the same apparatus a few experiments were made 
with negative ions from a lime-covered strip of platinum and it 
was found that with the “alternating” distance ten times as great 
as that used in the experiments described in this paper and using 
fields of one-tenth the magnitude, the mobilities at low pressures 
approached nearer the normal value. It appears that the violence 
of collision due to too big fields prevents the formation of the 
cluster of which the normal ion consists. With weaker fields and 
greater distances the mobilities at low pressures fall nearer the 
normal value. 

The author expresses his thanks to Sir J. J. Thomson for his 
kind interest in these experiments. 
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On the Exact Form of the Law of Molecular Attraction. 
By R. D. KLeEeman, B.A., Emmanuel College, D.Sc. (Adelaide). 


[Received 1 July 1912.] 


In a number of previous papers* the writer has investigated 
the law of the molecular attraction which gives rise to the surface 
tension and the internal heat of evaporation of liquids. It was 
shown that the attraction between two molecules of the same 
kind at the temperature 7’ and separated by the distance z, is 
given by 

/ i -) =Vm 
o(m oy ie eS 
which we will write for shortness 

(2Vm‘P 


where «, denotes the distance of separation of the molecules in a 


quantity of liquid at the critical state and temperature T,, and 


Vm, denotes the sum of the square roots of the atomic weights 


of the atoms of a molecule. It was further shown that the exact 
form of the function (¢) cannot be determined from surface 
tension or latent heat data. Investigationst of the form of the 
function in connection with the diffusion of gases, the Joule- 
Thomson effect, etc., show that as a rough approximation it may 
be taken to be a function of the temperature only and written 


K : 
T° where K is a constant. In this paper the exact form of the 
function will be investigated more fully than has been done in 
previous papers. 

Since the function may be taken approximately as a function 
of the temperature only, we may suppose that one of the terms it 


contains is B, where B is a function of =, which gives rise to the 


Hs 
term oe Vm, ¥ in the law of molecular attraction. Experiments 


on the Joule-Thomson effect have shown that the attraction 

between two molecules changes to repulsion when they are 

separated by a sufficiently large distance. The function (@), or the 

law of molecular attraction, thus consists of a number of positive 
* Phil. Mag. Jan. 1911, p. 97; and previous papers. 


+ Ibid., May 1910, p. 806; Prec. Camb. Phil. Soc. Vol. xvi. Pt v1. p. 555, and 
Pt vi. pp. 588—591. 
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and negative terms*. The principal negative term in the law of 
molecular attraction which gives rise to this repulsion must 
contain an inverse power of the distance of separation of the 
molecules which is less than the fifth, since its importance in 
comparison with the foregoing term must increase with the 
distance of separation of the molecules. We shall assume this 
power to be the fourth, since there is nothing to indicate its exact 


A — 
magnitude. This term may therefore be written ae Vm’), 
c 


T 
where A is a function of ;,. In a previous paper + evidence was 


7. 
obtained that the attraction between two molecules changes to 
repulsion for distances of separation of the order of the diameter 
of a molecule. The law of molecular attraction must therefore 
contain a term consisting of an inverse power of z which is greater 
than the fifth. Since there is nothing to indicate its magnitude, 
we will assume that it is the sixth; and this term may accordingly 


Cx, 


(=m), where C is a function of a We shall 
a c 


accordingly assume that the attraction between two molecules is 
approximately given by the expression 


) (vm) 
4 2+ B+0%} ee Jae eee (1). 


c 


be written 


If the law of attraction of the molecules of a substance 1s 
given, we can at once calculate the intrinsic pressure Py tthe 
substance by means of a formula given by the writer}. The 
above law of attraction gives 

A275 B206 . C1-63x 
P,= + + ; 


Bee Zi 28 


(Cane eee (2), 


al ; 1 
where z= er — (=) p denotes the density of the substance 
c 
at the temperature 7’ and p, that at the critical temperature, and 
m denotes the absolute mass of a molecule. The energy W ex- 
pended per gram of substance against the molecular attraction on 
separating the molecules of a mass of substance by an infinite 
distance from one another, is connected§ with the intrinsic 


pressure by the equation 
. adaWw m.dW m dW 
“dv d(2) ~ 32° dz 
* Proc. Camb. Phil. Soc. Vol. xvi. Pt vi. p. 556. 
+ Ibid. Vol. xvi. Pt vit. p. 584. 


+ Phil. Mag. Oct. 1910, pp. 666, 667. 
§ Proc. Camb. Phil. Soc. Vol. xv1. Pt vi. p. 543. 


SE. 
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where v denotes the volume of a gram of substance. Hence- 
we have 


(A165 BI03* Cin) Cam 
w= a fe a m 


where 2, #, and m have the same meaning as in the expression 
for PB, 

The values of A, B, and C at the critical point can be deter- 
mined by the help of the equation of state. The equation may 
be written in the general form 


pt P= AT) eee (4), 


where p denotes the external pressure of the substance, and 
vv, (T, p) a function expressing the effect of the motion of transla- 
tion of the molecules, which balances the sum of the external 
and intrinsic pressures. Since according to the law of molecular 
attraction p=ap., P,=bp., where p, denotes the critical 
pressure*, and a and 6 are quantities which have the same values 
for all substances at corresponding states, y, (7, p) must have 
the form 


wg §) Eee ¥(q, eee 
since according to the law of molecular attraction p, = a Pots 
where m, denotes the molecular weight relative to that of 
hydrogen. In the case of a perfect gas >, (q f)=1 We 


may therefore in general write 


L a Pipe 
Se oe ae a wine 
Ye +H 7 eis 
where # and F are functions of - Equation (4) may now be 
written 
p: 2 
Ste Oe == (1+ E? +F©.)...(), 
pe? Pe ba ae i Re 
where ns Baee (=Vm/Y, B= ss os 7 @ Vimy, 
ms 
and — pute (= Vm/¥. 
m3 


* Phil. Mag. March 1911, p. 337, and Oct. 1910, p. 668. 
+ Ibid. Dec. 1909, p. 905. 
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The values of the quantities A,, B,, C,, E, and F can be deter- 
mined by applying the critical point conditions to equation (5). 
These conditions are that 


Se a Py 
0 al or cae 5,2 0 or Sp? 0, 


E ( W+ wo) = _ 65 pe, (W+w Te) Pe= 65D. 


at the critical point, where f=0 denotes the equation of state. 
The quantity w denotes the internal energy of the molecules of 
a gram of substance in the critical state, and w, its value when 
the molecules are in the gaseous state. We will assume that 


W—W, and = are equal to zero. We also have 
aV ap. or w= [?-=2. 
dv 0 p” 


The first three conditions follow from the continuity of state, and 

are those usually given. The remaining two conditions have been 

given by the writer*. On applying these conditions to equation 
Z . 

(5) we obtain that A,.=— 16p,0e8, 5 —60p,0., C= 37 -5p.v-3, 

F,=—6, and #,=12°5. Hence we deduce that 


A, =—-439 x 10-", B,=22 x 10-“, and C,=—174 x 10-4, 


using the values of p,, v%, Vm, and m, of ether, and for the 
absolute mass of the hydrogen atom the value 1°61 x 10-™ grm. 
deduced by Rutherford from experiments on the a particle. It 
will be noticed that the signs of the quantities A,, B., and C,, are 
as anticipated. * 

The attraction between two molecules at the critical tempera- 
ture separated by the distance z is therefore 


; peers 

pone + 2271-74 ia) 10-“ dyne., 
| Le z ae 

It is interesting to compare this expression with that obtained in 

a different way on the supposition that (¢) is a function of the 

(= Vm? 


temperature only. The latter expression is 2°97 x 10-* 5s gee 


27, 
corresponding to a temperature of oF obtained by means of 


data relating to ether. 


* Phil. Mag. Sept. 1912. 
+ Proc. Camb, Phil. Soc. Vol. xv1. Pt vit. p. 595. 
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On equating the former expression for the attraction to zero 
we obtain the distance of separation of the molecules at which 
the force between them changes sign. Thus we obtain 


z=257,+1°52227,=402e, or -9782,. 


One of these distances is of the same order as the distance of 
separation of the molecules at the critical state, and the other is 
about four times this distance. In a previous part of the paper 
evidence was quoted that two molecules repel each other when 
they are separated by a distance of the same order as the diameter 
of a molecule, or that of the distance of separation of the 
molecules in the liquid state. This fits in with the result just 
obtained. : 

It will be of interest next to obtain expressions for A, B, and 
C, in terms of a . We have seen that the experiments on the 

c 

Joule-Thomson effect indicate that the attraction between two 
molecules varies inversely as the temperature. But this can 
obviously apply over a certain region only; at the absolute zero, 
for example, it could not apply since it would make the attraction 
infinitely great. We will therefore suppose that each of the 
quantities A, B, and C, consists of an expression of the form 
FE aT , where a and 7 are constants. We will also suppose, for 
convenience of calculation, that the temperature variation of each 
of the quantities indicating repulsion is the same. Accordingly 
a c 


we have A = TY; =e Yi By sc T+ fy ae: and C= me re VEE At 
the critical point we then have 
58 24395 Gs ee 
m14+41 rotl 
and ~ a =—174x10-, and thus a= 2523, Additional 
1 


equations involving the quantities a, b, c,7,, and r, are obtained 
on applying equations (2) and (3) to a substance at a temperature 
below the critical temperature. Thus in the case of ether at the 
temperature 13°5° we then have 


O15 Xe 226, eee C b2-06 = 
Pa= 1( x28 Zz ) n+eT/T, - 2(r,4+ 7/1 | (2 Vay) 
sein old) jo nahin iT (6), 
an 
_ ((165 x 2523 | “Ta, c 61-03 ue Vn’? 
a i\ Lee 2 ) r+7/T, x a(r,+T/T.)) =m 
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where * 

P, = 2669 x 10° dynes, W = 82°58 x 4:2 x 10’ ergs, 7 6128, 
x oe (Gaus _ (m oo 74x 1:61 x ae 
> 2604 abies (") = € 2604 


and (= Vm,’) = 27:84. From these equations we deduce that 
o—— 1042 x10“) b= 2741 x10 ¢=— 413x104 
7, =1°375, and r,=°2461. 
Hence the expression for the molecular attraction becomes 


ee) oe 
V3I5+47/T, 2. 24614 T/T, 13754 7/T, z 2 


It will be seen that the molecular repulsion varies much less with 
the temperature than the attraction. The resultant attraction 
between two molecules will vary on account of the existence of 
repulsion more rapidly with the temperature than indicated by 


the factor 2461 + T/T,’ and may therefore well vary approximately 


inversely as the temperature over a considerable range of tem- 
peratures, as indicated by the Joule-Thomson effect. 

On equating this expression to zero when it corresponds to the 
absolute zero of temperature we obtain for z the values ‘27x, and 
144z,. The force between two molecules changes sign at these 
distances of separation. On comparing them with the corre- 
sponding distances obtained for the critical temperature we see 
that the smaller distance decreased in magnitude while the larger 
distance increased. This shows that the higher the temperature 
above the critical temperature the smaller is the distance over 
which two molecules attract one another. Consequently on in- 
creasing the temperature of a gas a point is ultimately reached 
when the product pv always increases with p, and behaves in the 
same way for all higher temperatures. The gas has then a 
negative intrinsic pressure, or an intrinsic pressure of opposite 
sign as occurs in a liquid. This fits in with the shape of the 
isothermal curves connecting p and pv obtained for various gases 
at different temperatures, and with the experiments on the change 
of sign of the Joule-Thomson effect. 


* Proc. Camb. Phil. Soc. Vol. xv1. Pt v1. p. 545. 


664 Mr Kleeman, On the Exact Form of 
Equations (2) and (3) now become 


= -{ B65 Oly ne DEBS Td 
1ST, a a Sar 


6°735 L. 
SAS: 4 
13754 T/T, i (SN, Pee (9), 
1-719 1 2°823 1 


Sass - 1375 + 7/T, a2 24614+T/T, A 


(2895, salem 
1375+ 7/T. 2 m 


The Joule-Thomson effect changes sign when z has the values 


dz 


S157 r 11-292, 14475 2-0. (11 

1375 47/7, | 94614 T/T,” 13754 7/7, ~ 9G: 
According to this equation there are two values of z, or two 
volumes of the substance, corresponding to each temperature, at 
which no heating or cooling is produced on changing the volume 
by dv. At the critical temperature, for example, z has the values 
‘5412, and 3°63la,. Since the critical volume of a gram of 
substance is proportional to 2°, the Joule-Thomson effect will 
change in sign when the volume of the substance is ‘158, and 
47:-9v,. 

It follows also from equation (11) that the difference between 
the values of z, satisfying the equation, increases with decrease of 
temperature. The temperature at which the equation gives equal 
values for z is therefore a characteristic temperature of the gas. 
There is no inversion of the Joule-Thomson effect for higher 
temperatures, whatever the volume of the gas. This temperature 
is given by the equation 


11-292 13754 7/7, _ fees 
2x 5157 2461+ 7/7, \1375 


which expresses the condition for equal roots; and thus 7 =27, 
approximately. If the Joule-Thomson effect of a gas whose 
initial temperature is much greater than the critical temperature 
is measured progressively for lower temperatures, a temperature is 
ultimately reached when inversion of the effect takes place. In 
practice it is found to be of the order 37,. It is thus of the same 
order as that given by equation (12). 

The constants in the expression W, (7, p) can be determined 


given by the equation (=) = 0, that is 
T 
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by the help of the equations obtained by applying equation (4) 
to a substance at different temperatures. It is necessary first, 
however, to make some supposition about the form of the tem- 
perature functions # and F. Let us assume that 
ripe Se: ee and [ype eae 
¢ T, 
At the critical point we then have A, + B, =12°5 and A, + B,=—6. 
Let us apply equation (4) to ether at the absolute temperatures 
273 and 373. The external pressure p may then be neglected in 
comparison with the intrinsic pressure P,. The latter quantity 


may be taken* to be equal to ig , where a denotes the coefficient 


of expansion with rise of temperature, and f the coefficient of 
compression at constant temperature. In the former case we have 
P,, = 2669 atmos., p = 7362, and in the latter P, =1375 atmos., 
p= ‘6105. We accordingly deduce A,= 22°57, B,=— 10°07, 
A,=501, and B,=—11:01. Hence equation (4) becomes 


_ Tp eee aie Ver ae YN gE 
p+ Py= i, {1 + (2257-1007 7) © + (501-1101 7) & 
ae (13). 


In a previous paper it was shown that 
n1-26 x 10-V Tm, = Py, + p, 


where n denotes the number of molecules crossing a cm? in one 
direction per second. On combining this equation with the fore- 
going we obtain an equation expressing m in terms of 7’ and p. 
The quantity is of importance since it occurs in the general 
equationst giving the diffusion, viscosity, and conduction of heat 
of substances. ; 


The Average Velocity of a Molecule in a Substance. 


The principles applied in the foregoing section may be used to 
obtain an approximate expression for the average velocity of a 
molecule in a substance. It has been shown in previous papers + 
that the average velocity of a molecule in a liquid must be several 
times that which it has in the gaseous state at the same temperature. 
It was also shown that the average velocity of a molecule is the 
same multiple of its velocity as a gas molecule for all substances 
at corresponding states. Let us therefore assume that the average 


velocity is given by the expression V, (1 +a .) , where V,, denotes 


* Proc. Camb. Phil. Soc. Vol. xvi. Pt v1. pp. 543—546. 
+ Phil. Mag. July 1912, pp. 101—118. 
+ Loc. cit. p. 102; Proc. Camb. Phil. Soc. Vol. xvi. Pt vir. p. 594. 
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the velocity of the molecule in the gaseous state at the saime 

temperature as the substance, and a is a constant. In previous 

papers* we have shown that vw, (T, p) in equation (4) may be 
RT 


written —” ————., where V, is the average velocity of a 


V, m,(v— 6)’ 
molecule, v the volume of a gram of substance, and 6 the space 
through which the centres of the molecules do not pass during 
their motion of translation. The quantity b is proportional to uv 
or b=av. The expression y, (7, p) may therefore be written 


D(1+a®) p, Where D is a function of the temperature and 


equal to Inserting the above expression for yy, (7, p) 


m, (1 — a) 
in equation (5) and applying the critical point conditions we 
obtain D,=3p.v, and a=1°5. The average velocity is therefore 


approximately given by V, (1 +15 2) The average velocity of 


a molecule in a liquid at the critical state is thus about 2°5 times 
its velocity in the gaseous state. 


* Phil. Mag. Sept. 1912; Proc. Camb. Phil. Soc. Vol. xv1. Pt viz. p. 641. 
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On the number of a-particles expelled when an atom of Thorium 
Emanation disintegrates. By JoHN SarrERy, D.Sc.,M.A., St John’s 
College, Lecturer in Physics in the University of Toronto. (Com- 
municated by Professor Sir J. J. Thomson.) 


[Received 9 August 1912.] 
I. Introductory. 


Until quite recently it was supposed to be true without 
exception that all the radioactive products which expelled a- 
particles during disintegration expelled only one a-particle per 
atom disintegrating. 

It was proved to be true in the case of Radium by Rutherford 
and Geiger and by others who counted the number of a-particles 
emitted and also measured the volume of helium which accumu- 
lated when a known quantity of Radium was under examination. 

In the case of Thorium Emanation however an account of 
some experiments was published in Le Radium of Oct. 1911*, 
by Miss M. Leslie, the interpretation of which suggested that 
Thorium Emanation gave out four a-particles per atom when it 
became Th. A. 

The author has attacked the problem by comparing the 
ionising powers of quantities of Radium Emanation and Thorium 
Emanation which are in equilibrium with known amounts of 
Radium and Thorium. From a knowledge of the rates at which 
disintegration proceeds and the ionising powers of the various 
streams of a-particles it is possible to find the ratio of the number 
of a-particles expelled per atom of Radium Emanation disinte- 
grating to the number of a-particles expelled per atom of Thorium 
Emanation disintegrating. 

When Radium Emanation is passed into an ionisation vessel 
the initial leak observed (the air leak of course deducted) is due 
solely to the change from Emanation to Rad. A. As time goes 
on Rad. A, Rad. B, Rad. C, etc. grow and decay and the leak 
increases for a while. The curve of growth of leak is however 
easily analysed so that although the initial leak is not easily 
measured it can readily be calculated. 

In the case of Thorium Emanation the decay is much more 
rapid. The first product Th. A has however such an extremely 
short life that in less than a second it practically attains equi- 
librium with the Emanation so that the initial leak is due to 
the two changes, (2) Thorium Emanation becoming Th. A and 


* See also Barratt, Le Radium, March 1912. 
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(b) Th. A becoming Th. B. As time goes on Th. C begins to 
grow but its ionising power is practically negligible in comparison 
with the Emanation and Th. A. The leak due to the Emanation 
and Th. A rapidly decays—it drops to half-value in one minute— 
but it is possible by taking careful readings to draw a curve and 
find the initial leak due to them. 


II. Calculation of the relative ionising powers of the amounts of 
Radium and Thorium Emanations (including Th. A) in equi- 
librium with known quantities of Radium and Thorium. 


Let NV, be the mass of the known quantity of Radium, Xz the 
radioactive constant of Radium, JV, the mass of Radium Emanation 
in equilibrium with this Radium, and 2, its constant of change. 
When in radioactive equilibrium there is equality of rates of 
change; hence we have 

NEN = AN Ae Be eee (1). 


If each atom of Radium Emanation gives out p a-particles when 
it becomes an atom of Rad. A, and each of these a-particles 
produces J ions in air under ordinary conditions, the ionising 
power of the Emanation may be written 


Tgp Neg NG Dh ockvce ssi ican see (2), 
from which we get 


In the same way we may find the ionising power of Thorium 
Emanation (and Th. A). Let N7 be the mass of Thorium taken, 
N, and N,, the quantity of Emanation and Th. A respectively in 
equilibrium with it and Az, A», A,4 the radioactive constants of 
Thorium, Thorium Emanation and Th. A. Then as before 


rN = re: = Aa Ven eee eee cence esene (4). 


If each atom of Thorium Emanation and Th. A gives q and r 
a-particles per second respectively when disintegration occurs 
and an a-particle from Thorium Emanation makes m ions and 
an a-particle from Th. A makes n ions in air under ordinary 
conditions, we have for the ionising power of the Emanation and 
Th. A 

Te=MNigm + Ng Nigrn 


= Kip WV (Qi + TN)... 20concecse.seeemeeee (5). 


Therefore the ratio of the ionising powers of the quantities of 
Radium and Thorium Emanations in equilibrium respectively with 
Np gms. of Radium and V7 gms. of Thorium is given by 

Tp a ArNVR pl 
Ip ApNp(qm+rn) 
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We may simplify this relation by substituting for Xp, Np, 
Ar, No, p, g, and r their known values. 

e writer is not aware of any determination of g andr. The 
value of p has been determined by Geiger*. It is 174,000. Geiger 
also determined the number of ions produced by the a-particles 
from Rad. A and Rad. C. From these data a curve may be plotted 
between the number of ions produced by the a-particles and their 
ranges in air under ordinary conditions. Now the ranges of the 
a-particles from Thorium Emanation and Th. A have been deter- 
mined by Barratt}. From these ranges and the curve obtained 
from the Radium products the values of g and r have been 
deduced. They are 191,000 and 199,000 respectively. 

Also peel Saat es 
and NS ee LO 
and in the author’s experiments 
Np. = “94 xX107* ems 
and Np= 1-23 x 107 gm., 
so that equation (6) becomes 
Ip V1 x10" x-94x10 174d 
I, ‘7x 10-8 x 1:23 x 102° 191m + 199n 
ela. | ATAL 
~ 86 °191m + 199n’ 
which without serious error reduces to 


ie 201 
Enki (7). 


Ill. Kaperimental Details and Results. 


The apparatus was the same as that employed in several of 
the author's earlier experiments}. The testing vessel V (fig. 1) 
was a tall brass cylinder 40 cms. high and 10 cms. in diameter 
closed at the ends. There was a central wire electrode W pene- 
trating the upper end and reaching nearly to the bottom of the 
vessel. This wire was joined to one pair of quadrants of a 
Dolezalek electrometer #, the other pair of quadrants bein 
earthed. The vessel was maintained at 320 volts and the needle 
of the electrometer at 80 volts by batteries of small cells. When 
the wire W was insulated its potential gradually rose and the 
spot of light moved across a scale about 2 metres away from the 

* Proc. Roy. Soc. July 1909. 


+ Le Radium, March 1912. 
+ Phil. Mag. Oct. 1908, July 1910; Proc. Camb. Phil. Soc. Vols. xv, xvr. 


670 Mr Satterly, On the number of a-particles expelled 


mirror. The normal air leak was 1:0 to 1:1 cms. per minute. 
The sensitiveness of the electrometer was 950 mm. per 1 volt 
potential difference between the quadrants. The testing vessel 
was fitted with two side tubes. One communicated to a mano- 
meter VM and the other, which was used as an inlet and exhaust 
tube, communicated to a calcium chloride drying tube D. 

To get the Radium Emanation from the solution the following 
method was adopted. The solution was placed in a flask R. 


w 
2 J 


~ Se et 
SP LID PLL APL STELE LE 
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Through the cork of this there passed two long tubes about 5 feet 
long, a wide one # going to a condenser C and a narrow one G 
ending in an india-rubber tube provided with a clip P,. The 
aspirator used for collecting the Radium Emanation consisted of 
two large bottles A and B joined by tubing, A being provided 
with taps 7}, 7;. 

After the Radium solution had been resting some time the 
tube F was joined to the bottle A by a tube H, and P, being 
closed the taps 7,, T, were opened. The solution was boiled for 
30 minutes or so and then P, being opened the aspirator drew 
all the Radium Emanation into A, the water in A being run 
down to a known mark. Meanwhile the air leak in V was taken. 
The testing vessel was then exhausted by a water-pump; P; closed, _ 
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D exhausted and P, closed. Communication was then made be- 
tween D and A and the emanation and air collected in A were 
passed into V. The leak was taken, as is usual, during the 
interval from 10 minutes to 20 minutes after filling, This leak, 
less the air leak, is given in the following table. 


TABLE I. 


Accumulation of Radium Emanation in a Solution 
containing ‘94 x 10-9 gm. Radium. 


Growth of Emanation expressed as leak 
in ems. per minute 


Period of rest cate 
: : The equilibrium 
In this period anionnt 
(observed) (calculated) 
| 4 

In 72 hours 29-1 69 
1912 Deca ae 117 | 72 
I 232 ,, 11-4 | 69 
aia Ae: 11-9 72 
|| 232 11-8 | 72 
| -—_—____ 
| Mean 71 


— 4 


From this mean leak the initial leak, which would have been 
obtained if the vessel could have been suddenly filled with the 
equilibrium amount of Emanation, is obtained by multiplying by 
‘73. The calculation of this factor is given in an earlier paper in 
these Proceedings t+. 

Thus the initial leak = 73 x 71 = 52 ems. per minute; i.e. could 
the Radium Emanation in equilibrium with -94 x 10-° gm. Radium 
have been suddenly passed into my testing vessel the initial leak 
would have been 52 cms. per minute. This conductivity is due 
solely to the ionisation accompanying the disintegration of Radium 
Emanation into Rad. A. 

To get the leak due to the Thorium Emanation the arrange- 
ment was modified by the omission of the aspirator AB and by 
the insertion of an ion-catcher? between D and V. The Thorium 
solution is kept boiling for some time, the tube H hanging slack, 
Equilibrium between the emanation and the solution occurs if a 
rest of 10 minutes is given between the last clearing out. Then 


* See Proc. Camb. Phil. Soc. Vol. xv. p. 543. f 
+ Ibid. Vol. xv1. pp. 519, 520. = [bid. p. 522: 
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when V and D have been exhausted H is joined direct to D and — 
the testing vessel filled as quickly as possible by the rush of air 

through G and the solution. As a rule the vessel was filled in 4 
20 or 25 seconds and readings of the leak could be commenced 
30 seconds after the rush of gas started. The leaks were taken 
as described on p. 523 in my paper on “ The quantities of Radium 
and Thorium Emanations contained in the air of certain soils*.” _ 
The initial leak due to the Thorium Emanation and Th. A dis- 
integrations was measured on eight occasions; the values obtained — 
are given in the following table. 


TABLE II. 


Accumulation of Thorium Emanation in a Solution 
containing 1:23 x 10 gm. Thorium. 
| 
Initial leak in cms. per minute produced by | 
the equilibrium amount of Emanation | 


112 
112 
100 
108 
116 
112 
108 
102 
| Mean 108 


We have now the data required for the solution of equation (7), 
for writing 


Ip = 52, 
and T,=108, 
52 201 


wee 108 ~ 19m + 20n 


Therefore, approximately 
401 = 19m + 20n, 
or 7] AR | Ce Pee OTE (9). 


Rutherford and Geiger showed that / was equal to unity. 
From this it follows that since m and n are both integral they 
must both be unity. 


* Proc. Camb. Phil. Soc. Vol. xvi. 
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The conclusion is that an atom of Thorium Emanation gives 
out only one a-particle when it changes to an atom of Th. A 
and that an atom of Th. A gives out only one a-particle when it 
becomes an atom of Th. B. 


Note 1. The above result was assumed by the author in his paper 
on “The quantities of Radium and Thorium Emanations contained in 
the air of certain soils.” It is satisfactory to know that the assumption 
is justified. 


Note 2. It has been thought that the emanating power of weak 
solutions of Radium decreases with time owing to a deposition of 
Radium or an adsorption of Radium by the glass of the bottle. The 
agreement of the results of 1910 and 1912 shown in Table I. shows 
that with slightly acid solutions this does not occur. 


Note 3. The author returns his thanks to Prof. E. Rutherford for 
his gift of the standard Radium Solution, and to Prof. J. Joly for his 
gift of the standard Thorium Solution. The latter was made from 
‘1 gm. of Thorianite containing 79 °/, Thorium Oxide and 14°/, Uranium 
Oxide. Some experiments of the author’s showed that its Radium 
content was ‘76 x 10-*° gm. Its Thorium content was 1:23 x 10? gm. 
as stated above. 


The above experiments were carried out in the Cavendish Labora- 
tory. On leaving the laboratory after several years’ work I desire to 
express my best thanks to Prof. Sir J. J. Thomson for his unfailing 
interest and kindly advice at all times. 
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The Proportions of the sexes in Forficula auricularia. By 
H. H. BrinDxey, M.A., St John’s College. 


[Read 20 May 1912.] 


It has been known for a long time that the forceps of the 
male of the common earwig vary in length very considerably, 
thus de Geer* writing in 1773 stated “Dans quelques miles j'ai 
trouvé la pince tres-longue, ou de longueur égale avec le ventre.” 
Stephens+ made a distinct species under the name of Forcicula 
forcipata to cover the forms in which the male possesses strikingly 
long forceps. This has not been retained by later authorities 
(see Fischer}, Brunner von Wattenwyl§ and Burr||). The first 
observation that in some localities the mean length of forceps 
of the male is rare, while “low” males and “high” males are 
abundant, was made by Bateson‘ in a collection of 1000 adult 
earwigs of both sexes made in the Farn Islands by Miss A. Bate- 
son in September, 1892. The curve of variation of the forceps 
lengths is therefore dimorphic. Since this observation collecting 
has been carried on in certain other islands and various coast 
and inland places in the British Isles in the hope of obtaining 
some light on the extent to which “high” and “low” males 
occur together, and also to gather some indication as to the 
factors which influence the dimensions of the forceps. This 
enquiry is still in progress. 

Incidentally the numerical proportions of the sexes in the 
catches obtained has been recorded in most cases, and in this 
direction the results are of interest in the considerable extent 
to which the proportions vary. It should be said that the col- 
lections have been quite haphazard, males and females have been 
captured indifferently. In cases where I have not made the 
captures myself, the various friends to whom I stand indebted 
for collections have understood that no choice should be made 
between the sexes, and other collectors, such as lighthouse keepers 
and gardeners, have simply been asked to catch as many earwigs 
as possible. 


* ««Mémoires pour servir 4 l’Histoire Naturelle des Insectes,” Stockholm, m1. 
1773, p. 548. 

+ British Entomology, 1835, vi. p. 6, pl. xxviii. fig. 4. 

+ Orthoptera Europaea, 1853, p. 74. 

§ Prodr. d. Europ. Orthopt., 1882, p. 12. 

|| Entom. Month. Mag., Oct. 1911, xxm. 262, p. 225. 

“| Bateson and Brindley, ‘‘On some cases of Variation in Secondary Sexual 
characters statistically examined,” Proc. Zool. Soc. Lond., Nov. 15, 1892, p. 585. 


675 


the sexes in Forficula auricularia. 


*suopaes ‘aq1uR.4y 
“DULN}WDYU AUAPIG PUB SSvAD TO SaTO}s AOpuN ‘AYO 
“£099 
“DUZWDYU AUAPLY PUB SSBIH WO saTOys AapUN SAYOOYT 


"QOM ‘MOT ‘OMOYSpuLGg 
‘IUOJSAULIT UO TOABL 

*puwsueaty 
IOMOT JOAO [los Apurs ‘ploy Suruiolpe pues uspary 


“W118 “4F OSG—OOT PULLLooU 04 aSOTO ‘4[B “4J OG—OT SUEPABy 
*ToAvId ‘ARID 

‘qotystp Apooa ‘Aotsred soo ‘AV[Q 

‘VIOMOBI ‘SSRIS ‘A1OYS BAS 0 BSOTD ‘ApUBG 

*{ros 100d ‘Apurg 

[PARIS UO WROT JUST YJIM suepaer) 

“£ULBOTT 

“prey Aaqgynod ‘ssvas ‘Au04g 

‘suepavs AY[RUO 

“Sstib J10Ys 190A TO SATOJS JOpuUN ‘pozvatynoUN ‘ouojseuIt] 
‘SUI[YVp ‘Usepaes UETOJTy “ARTO puB sau0ys “TB “4; OOL 
‘ros sood ‘Apurg 

‘UspaRrs UdToITy Ur wBoOT ‘Apurg 

‘suITyRp ‘aut poppe ‘AB{O 

‘JOARIS WO WUBOTT 

*Joavis pur ABIO 

‘jos tood ‘<purg 

‘stamoyuns ‘soxoryd ‘seipyep * Apurs ‘yuysty 

| *‘SOATYaoq ‘sBITyRp ‘Uepavs [Avr 
‘JOABIS WO WIROT JUST YYTA SuUopIey 

meedolag 

*sN[NATMAUOD ‘qreqnya ‘svITTep ‘souo0ys ayuys ‘ITB “47 00" 
*JOABID TO TAROT FSI] WIA Stapaey) 

‘stapares AY[RYO 

“uBoy AARATT 

‘sumnjoerdo.y ‘seipyep ‘suepavs Apusg 

"‘syoOr ay1URiy 


*099 “TIO 


SaTBUL JO 


229 *90) ‘Wosayeg 


~ 


sH 19 16 19 16 & 


ce 


aye PpLegrr 
co S> &) 20 19 @D 


OD Hu 


6-G§ 
8-SE 
L-&& 
6-65 
6:6E 
F-06 
L-9L 


asByueo 


-10q 


O&E 
OOOT 
OLT 
PSIG 
69 
LOST 


CSOGT 
GG 
POSE 
s9 LT 
SLE 
SOT 
v9 
9G96 
806 
69LG 
6IL 
GLP 
6S¢ 
OLE 
861 
LL 
6ST 
696 
LLY 
LOE 
96ST 
LIG 
9G6E 
66L 
98EE 
6L 
EE 
GG9E 
synpe 
pur £ 
TROL 


IT6T “adag “sny 
GOST “ZI ‘dog 
€06T dag « ‘ony 


So[sT AT[lOG ‘oosary, 
, Spurs, wing ‘sutodsopr Ay 
aatys|[As.cy ‘Avsuolog 


LOGI ‘F900 pURLAOquINYyAON ‘spusps] Wit 7 ‘sus1odtapl 


OBL ‘gz deg 


TO6L “ydag “sny 
GIGT “sny ‘AIne 
TI6L “ony ‘Aqne 

PEST “SNY 
Z06T “3deg “ony 
e061 “ydeg “sny 
OL6L “ydeg “Bny 


FOGT “ydeg “Sny 
L061 “3dag “sny 

LOGT ‘§ 3°0 
FEST “sny ‘Atne 
606T ‘F2-Ze ‘Sny 
£061 “deg “any 
IT6T ‘gdag ‘ sny 
IT61 “ydog “sny 
TO6L “4deg “sny 
L06T “ydog “any 
FOGT ““sny ‘Aye 
TO6T “3deg “Suny 


“adag “3ny 
‘adag “any 
€06T “3dog 
“adag “3ny 
“adag “Sy 
‘adag “sny 
“sny ‘Aine 
LO6BT “4deg “sny 
IT61 “deg “sny 
TT61 “ydag “sny 


606T 
€06T 


TO6T 
S061 
906T 
S681 


078 


| 


Pewee eee ee eee een ete eeeeeeeee *squiey 


aly say *punpsy a.) UT 
meyang ‘edoyuryg 


ating ‘SuuIpepor 
aqng ‘aRiquiIny) 1e4yBert) 
*LoqsTHT 
UOART *N ‘UOYSULIIOT, YOR 
puvpizoquinyycoN ‘hog arpng, 
yostoq, ‘mmoqiwHy ajoog ‘BasuMoIg 
' quoy ‘surqqog 
irene pn eee ‘aptAa- aT uoj[nog 

“ puBpreq UNG ION ‘pues ured IOUUT 
Tantei serene sq UBD “pLOTTayS 
OAV “OF ‘puUrRysy o1BI[D 
se" By OX !MOTITU AA 
jostoqy ‘anoqavyy spoog ‘vosuMoig 
qosioqy ‘anoqaeyy food ‘u1toyyBor 
ween tee eee puUR[LaquINnyy.10 N ‘Rog. 


settee eee eee. AOR TO TT ‘oUOJSyIVT 
~"' TONG “yormsdy 
“syoX ‘YsIeqpes 
tee enee 4Uoyy ‘suIqqog 
ueiqgory ‘gy ‘Acpprusuory 
Pe eee eee eeeneeeee . “quing ‘oT BprOUUBYT 
Se i yuey ‘surqqod 
wees “squLREg ‘pLozpayg 
xassnp ‘Dag -U0-UWOQUILI T 
ee meee er essere nes *SyIOX ‘SOPITT 


sai Sle pala mien’ 89ST Aq1IOg ‘pur[s] punory 


Agryeoory 


45 


VOL. XVI. PT. VIII. 


676 Mr Brindley, The Proportions of 


The preceding table gives the results obtained from collections 
in which the sexes were counted. One or two cases of collections 
of less than 100 (printed in italics) are included, but these are 
too small to be more than indications of how the proportions of 
the sexes might be expected to work out in large captures. 

I am indebted to Mr E. J. Burgess Sopp, F-E.S., for the 
following particulars of captures made by him, some of which 
have been published*, while the others, which have so far not 
been printed, he has kindly allowed me to include in the table 
below. 


| Total 


”, 
Locality | Date |g and¢ SE Soil, ete. 
| adults 
uh eae gl | 
| Southport, Lancs....... 1903 | 129 | 32°6 | Sand dunes. 
| Hilbre Island, Cheshire | Aug., 1903} 118 44-1 Sandstone, low, wet. 
Birkdale, Lances.......... 1903 400 | 44°5 | Gardens. 
Brownsea, Poole | 2 Be : 
| Harbour, Dorset | ** | Aug., 1903 83 45°8 Sandy, poor soil. 
| Southport, Lanes. ...... 1904 236 46-2 Sand dunes. 
| Tresco, Scilly Isles ... Aug.,1903 146 55°5 | Granite, gardens. 


It will be seen that while as a rule the females exceed the 
males by about 10 per cent., there are considerable differences in 
the proportions of the sexes in different localities, and also in 
collections made in the same locality in different years. There 
is some suggestion that males are more numerous on islands, but 
Round Island, Scilly, is a striking contradiction. The collection 
made there last year shows the lowest proportion of males observed 
so far, and it is curious that the highest is from another of the 
Scilly Isles, Tresco, which is only a mile from Round Island. 
This case of great difference between the percentages (43°6) calls 
attention to the possibility of the conditions of life affecting the 
proportion of the sexes: Round Island is a small mass of granite, 
while the specimens from the much larger island of Tresco were 
caught in the Abbey Gardens. 

On the other hand, the two collections made in 1911 from 
localities in Poole Harbour show identical percentages of males. 
Brownsea is an island and Goathorn Point on the mainland was 
chosen for a collection in the same month, as it is one of the 
nearest places to Brownsea—the distance is three-quarters of a ~ 
mile. Brownsea is a partially cultivated island about 4 miles 
in circumference, and in soil and vegetation it is quite similar to 


* Sopp, ‘“‘ The Callipers of Earwigs,” Proc. Lanc. and Ches. Ent. Soc., 1904, 
p. 38. 
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Goathorn. In these two instances of the Scilly Islands and Poole 
Harbour we have a great difference in the sex proportions in 
two neighbouring localities with very different physical features 
and identity of the proportions in two neighbouring localities of 
the same physical nature. But a collection from Brownsea, un- 
fortunately rather small, made in 1910 gave a decidedly higher 
percentage of males, viz. 43:7 instead of 38°5. In that year no 
collection was made at Goathorn, so no comparison with that 
spot can be made for 1910. But what is said here is offered 
only as the barest suggestion that the physical features of a 
locality may influence the proportions of the sexes. The in- 
stances quoted may be mere coincidences and the percentage of 
males be due to quite other causes. The particulars given in 
the above table do not justify any stress being laid for the present 
on the characters of the soil or vegetation as likely to influence 
the proportions of the sexes. 

Moreover, regard must be paid to the variation in the per- 
centages of males from the same locality in different years—Thus 
the catches from Bobbing show a range of 9:2, Shelford, 8:2, and 
the Farn Islands, 4°7. In all these the collections were made from 
the same garden or other spot in the different years and the 
totals obtained were sufficiently large to place reliance on the 
percentages, and it seems clear that the sex proportions do vary 
considerably even in successive years. There is at present no 
explanation of this. It should be said that all the collections 
were made in months when nearly all the individuals found were 
adults, thus the results were not influenced by the possibility 
that males reach maturity sooner than females or vice versa. 
This year I have kept in captivity a number of young earwigs 
kindly collected for me by Mr L. Doncaster in his garden in 
Cambridge. On May 24 the body length of most of them was 
5mm. By August Ist, all the survivors were adults (there were 
not many deaths and the insects throve on leaves and flowers of 
Tropeolum, which they ate greedily and in preference to any 
other plant offered to them*). 

That the adult female does so normally seems certain, for 
we know from de Geert, Taschenbergt, Camerano§, Riihl|\, 


* In a collection kindly made for me by Mr Oswald Latter at Godalming in 
the latter half of July and the first half of August this year (since this paper was 
read to the Society), there were only 118 immature individuals in a total catch 
of 1323. 

aloe. Cll: } 

+ In Brehm, ‘‘Merveilles de la Nature, Les Insectes,” etc.; édit. frang. par 
J. Kiinckel d’Herculais, t. 1. p. 394. 

§ Boll. d. Soc. Entom. Ital., 1880, p. 46. 

_ || Mittheil. der Schweizer. Entomol. Gesellsch.; Buil. d. l. Soc. Entom. Suisse, 
vu. 1887, p. 311. 
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Larbelétrier*, Lesne+ and others that the female is found in 
the first half of the year guarding her eggs. 

It appears that there is a considerable range in the times of 
oviposition and hatching. The accounts of the authors quoted 
above mention females found with their eggs or in the act of | 
laying them from January to May inclusive, and females found 
with quite young individuals from January to June inclusive. It 
is possible that the character of the season is a factor controlling 
oviposition. Camerano?} states that it remains uncertain whether 
the female lays in autumn or spring. He doubts if the fact of 
having found eggs in January is sufficient evidence that they are 
laid normally in the autumn, because the preceding autumn (1876) 
had been comparatively fine and warm. On October 4th, 1907, 
F. A. Potts and myself obtained a large number of earwigs on the 
Widerperns in the Farn Islands and brought them alive to Cam- 
bridge. In about a fortnight numbers of the females had laid their 
eggs, a result we are inclined to attribute to keeping the insects in 
the Zoological Laboratory, where the temperature is much higher 
than that of the Farn Islands in October. Unfortunately neither 
the adults nor the eggs survived long, for the insects were soon 
covered with Gamasid mites, the young of which we imagine must 
have been brought in the soil which was obtained with the earwigs. 
In the following October we obtained another catch from the same 
islets and kept them in the open on the roof of the Laboratory. 
These remained free from mites and most of them laid eggs in 
November, but in no case were they hatched. The females and 
eggs were kept in plaster of Paris cells, but though special pre- 
cautions were taken to prevent undue evaporation on the one 
hand, and too much humidity on the other, the eggs either dried 
up or were destroyed by mould. 

In view of the possible influence of temperature and the 
character of the season on oviposition it seems not impossible 
that the same causes may affect the survival of males through 
the winter. I am unable to find any statements on the normal 
length of life of earwigs in the writings I have mentioned. There 
is no doubt that adult males are found comparatively rarely in 
the early months of the year, but I have come across them ~ 
towards the end of winter in gardens in Cambridge. Camerano§ ~ 
mentions having found a living male in January in the South of ~ 
Europe. He placed this male and two females with some eggs 
laid by one of the latter under an inverted glass, and observed 


* La Nature, 5 juillet, 1890, p. 75. 

+ Quoted by H. Gadeau de Kerville in “Note sur l’accouplement, les eufs et 
l'amour maternel des Forficulidés,” Rouen, 1907, p. 18, in which extracts from the 
above papers are given also. See also Sharp, Camb. Nat. Hist. v. pp. 212—214. 

¥ loc. cit. § loc. cit. 
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that only the female who had laid showed any interest in the 
eggs, collecting them when they were purposely scattered. I 
know of no statement that the male earwig watches the eggs as 
it is known the female does. 

It is hoped to continue observation on the points considered 
in this paper: all that can be said at present is that (i) the pro- 
portions of the sexes differ considerably in different localities in 
the same year and sometimes differ considerably in localities 
quite near each other, (ii) the proportions may differ appreciably 
in the same locality in different years, (ili) the extent to which 
males survive the winter very likely varies, and if this is so we 
have a factor affecting (ii), (iv) there is a slight suggestion that 
the percentage of males is higher on small] islands, (v) the evi- 
dence that the characters of the soil or vegetation or altitude 
affect the proportions of the sexes is exceedingly slight. 


PROCEEDINGS AT THE MEETINGS HELD DURING 
THE SESSION 1911—1912. 


ANNUAL GENERAL MEETING. 
October 30th, 1911. 
In the Comparative Anatomy Lecture Room. 
Pror. Str GeorGe Darwin, PRESIDENT, IN THE CHAIR. 


The following were elected Officers for the ensuing year : 


President : 


Prof. Sir George Darwin. 


Vice-Presidents : 


Prof. Newall. 
Prot. Hopkinson. 
Prof. Wood. 


Treasurer: 
Prof. Hobson. 


Secretaries : 


Rev. Dr Barnes. 
Mr A. Wood. 
Mr F. A. Potts. 


Other Members of the Council: 
Prof. Sir J. Larmor. 
Prof. Biffen. 

Prof. Pope. 

Mr R. H. Rastall. 

Dr Keith Lucas. 

Dr E. A. Newell Arber. 
Prof. Sir J. J. Thomson. 
Mr J. E. Purvis. 

The Master of Christ’s. 
Mr R. P. Gregory. 

Dr Cobbett. 

Mr J. Mercer. 
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The following was elected a Fellow of the Society : 
C. E. Moss, B.A., Emmanuel College. 
The following were elected Associates : 


J. E. Bowen, Trinity College. 
N. Bohr, Trinity College. 
F. P. Kerschbaum, Gonville and Caius College. 


The following Communications were made: 
1. Note on the mode of discharge of the Cuverian organs of 
Holothuria nigra, By G. R. Mines, M.A., Sidney Sussex College. 


2. The Discharge of Spermatozoa by Unio pictorum. By OswaLp — 
H. Larrer. (Communicated by Dr Shipley.) 


November 13th, 1911. 


In the Cavendish Laboratory. 
Proressor Str GEorRGE Darwin, PRESIDENT, IN THE CHAIR. 
The following Communications were made: 


1. Application of positive rays to the study of chemical problems. 
By Professor Sir J. J. THomson. ‘ 


2. Electron theory of metals. By N. Bour, Trinity College. 
(Communicated by Professor Sir J. J. Thomson.) 


3. Secondary characteristic Réntgen Radiation from Elements of 
High Atomic Weight. By J. C. Cuapman, Gonville and Caius College. 
(Communicated by Professor Sir J. J. Thomson.) 


November 27th, 1911. 


In the Comparative Anatomy Lecture Room. 
Dr Sureitey, Master oF Curist’s CoLLecr, IN THE CHAIR. 
The following were elected Fellows of the Society : 


A. J. Berry, B.A., Downing College. 

S. T. Burfield, B.A., Selwyn College. 

H. B. Fantham, B.A., Christ’s College. 
R. D. Kleeman, B.A., Emmanuel College. 
A. E. Oxley, B.A., Trinity College. 

G. Stead, B.A., Clare College. . 
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The following Communications were made : 


1. A new type of parasitism in the Polychaeta. By F. A. Ports, 
M.A., Trinity Hall. 

2. On the Experimental Hybridisation of Echinoids, By Messrs 
SHEARER, Fucns, Doncaster and Gray. 


(1) General account of the Experiments (Mr C. SHEARER). 
Illustrated with lantern slides. 


(2) The Chemical control of inheritance in Echinoid Hybrids 
(H. M. Fucus). 

(3) Cytological observations of Hybrid Echinoid Eggs (Mr L, 
Doncaster and J. Gray). 


3. Note on the condensation of tryptophane with certain alde- 
hydes. By Miss A. Homer. (Communicated by Mr F. G. Hopkins.) 


January 29th, 1912. 
In the New Medical Schools. 
ProFessork Sir Georce Darwin, PreEsIDENT, IN THE CHAIR. 


The following were elected Fellows of the Society : 


R. Whiddington, B.A., St John’s College. 
W. A. R. Wilks, M.A., Gonville and Caius College. 


The following Communications were made: 


1. Demonstration of a Stereotaxic Instrument for directing 
insulated or other needles to any desired point in an animal’s brain 
by graduated movement in three planes. By R. H. Crarke. (Com- 
municated by Dr Shipley.) 

2. Observations on Fowl pest. By E, Hinpix, Magdalene College. 
(Communicated by Professor Nuttall.) 

3. Gregarines in Rat-fleas. By C. Srrickianp, M.A., Gonville 
and Caius College. (Communicated by Professor Nuttall.) 

4. On the toxicity of serum. By Major Cornwauti. (Communi- 
cated by Professor Nuttall.) 

5. The genus Rhipicephalus. By C. Warsurton, M.A., Christ’s 
College. 

6. The parasites of equine biliary fever. By Professor Nurratt. 
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February 12th, 1912. 


In the Cavendish Laboratory. 
Proressor Sirk GreorGE Darwin, PRESIDENT, IN THE CHAIR. 


The following were elected Fellows of the Society : 


Harold Ackroyd, M.D., Gonville and Caius College. 
H. Rottenburg, M.A., King’s College. 


The following was elected an Associate : 


A. N. Shaw, Gonville and Caius College. 


The following Communications were made : 


1. On the Existence of a Polymeric Modification of Hydrogen. 
By Professor THomson. 


2. An Experiment to illustrate the Mechanical Tension on the 
Surface of a Charged Conductor. By E. F. Burton, B.A. 


3. Radio-activity and Molecular Structure. By W. A. D. Rupcg, 
M.A., St John’s College. 
4, On the double-six which admits a group of 120 collineations 
into itself. By W. Burnsipe, M.A., Pembroke College. 
5. A Magnetic Examination of the Function of the Water 
Molecule in certain Dilute Solutions. By A. E. Oxuey, B.A., Trinity 
College. 


February 26th, 1912. 


In the Botany School. 
Dr SxrIptey, MAsTerR oF Curist’s COLLEGE, IN THE CHAIR. 
The following were elected Fellows of the Society : 


E. Rutherford, B.A., Trinity College. 
C. G. Darwin, B.A., Trinity College. 


The following were elected Associates : 


E. N. da C. Andrade, Emmanuel College. 
S. E. Sheppard, Emmanuel College. 


The following Communications were made: 


1. The Chromosomes in the oogenesis and spermatogenesis of the 
white Butterfly Pieris brassicae. By L. Doncaster, M.A., King’s 
College. 
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2. Preliminary note on the occurrence of living bacteria in the 
organs and blood of normal animals. By Dr Copsert, 


3. Some Observations with the Ultramicroscope on Plant Cells. 
By 8. R. Pricz, B.A., Clare College. (Communicated by Professor 
Seward.) 


4. Khizopods from the Carboniferous Period (illustrated with 
Lantern slides). By R. C. M°Lean. (Communicated by Professor 
Seward. ) 


5. The Chromosomes of a giant form of Primula sinensis. By 
R. P. Gregory, M.A., St John’s College. 


March 11th, 1912. 


In the Chemical Laboratory. 
Proressor Str GeorGE Darwin, PRESIDENT, IN THE CHAIR. 
The following was elected a Fellow of the Society : 
R. H. Fowler, B.A., Trinity College. 
The following Communications were made : 
1. Resolution of Racemic Benzoylalanine. By Professor Popr 


and C. 8. Gipson, M.A., Sidney Sussex College. 


2. The optically active hydroxyhydrindamines. By Professor 
Pore and Mr J. Reap. 

3. The Boiling points of Zinc, Cadmium, Mercury, Sodium, 
Potassium, and their alteration with change of pressure. By C. T. 
Heycock, M.A., King’s College, and F. E. E. Lampiovueu, M.A., 
Trinity College. 

4. The metastable condition of undercooling in metals. By 
F. E. E. Lamptoven, M.A., Trinity College. 

5. The quantities of Radium and Thorium Emanations contained 
in the air of Soils. By J. Sarrerty, M.A., St John’s College. (Com- 
municated by Professor Sir J. J. Thomson.) 

6. On a theory of the dissymmetrical distribution of secondary 
Roéntgen Radiation. By J. A. Crowruer, M.A., St John’s College, 

7. The Variation of Magnetic Susceptibility with Temperature. - 
By A. E. Oxiey, B.A., Trinity College. 

8. The Coagulation of Colloidal Copper. Rate of Coagulation. 
By H. H. Pains, M.A., Trinity College. 

9. On the Different Internal Energies of a Substance. I. By 
R. D. Kieeman, B.A., Emmanuel College. 
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May 6th, 1912. 
In the Cavendish Laboratory. 
ProFessor Sirk GEORGE DARWIN, PRESIDENT, IN THE CHAIR. 


The following were elected Fellows of the Society : 


T. Shirley Hele, M.D., Emmanuel College. 
S. R. Price, B.A., Clare College. 


The following Communications were made : 


1. On the Unit Theory of Radiation. By Professor Sir J. J. 7 
THOMSON. 


2. A simple viscometer for very viscous liquids. By G. F. C. — 
SEARLE, ScD., Peterhouse. 


3. The action of Sunlight and of Radium Salts on Glass. By 
W. A. D. Rupee, M.A., St John’s College. 


4. On the Different Internal Energies of a Substance. II. By — 
R. D. Krieeman, B.A., Emmanuel College. 


5. The Detection of small amounts of Polarisation in Light from 
a Dull Sky. By A. E. Oxxey, B.A., Trinity College. 


6. Anattempt to Refract Réntgen Radiation. By J.C. Coapman, 
Gonville and Caius College. (Communicated by Professor Sir J. J. 
Thomson. ) 


7. (1) The Problem of Derangement in the Theory of Permuta- 
tions. (2) On Compound Denumeration. By Major P. A. MacMaHon. 


May 20th, 1912. 


In the Comparative Anatomy Lecture Room. 
Proressor SEWARD IN THE CHalIR. 
The following was elected an Associate of the Society : 


-H. A. McTaggart, Fitzwilliam Hall. 
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The following Communications were made : 


1. An Experiment on Rabbits. By Professor PunNetr. 


2, Proportions of the sexes in Vorficula awricularia. By H. H. 
Brinbiey, M.A., St John’s College. 


3. Stachypteris Hallei: A new Jurassic Fern. (Illustrated with 
Lantern slides.) By H. H. Tuomas, M.A., Downing College. 


4. Some observations on electrocardiograms of cold blooded 
animals. (Illustrated with Lantern slides.) By G. R. Mings, M.A., 
Sidney Sussex College. 

5. The Structure and Homology of the Microsporidian Spore, as . 
seen in Vosema apis. By H. B. Fantuam, B.A., Christ’s College, and 
Miss Anniz Porter. 


6. Cyclic Paths for Rays reflected at an Elliptical Boundary. 
By R. Harereaves, M.A., St John’s College. 


7. Note on the Spectrum of argon. By G. Sreap, B.A., Clare 
College. 


INDEX TO THE PROCEEDINGS, 


with references to the Transactions. 


Abraxas grossulariata (currant moth), spermatogenesis of (DoNCASTER), 44. — 

Absorption Spectra of the Vapours of some Sulphur Compounds (PURVIS), 
155. 

Ackroyp, H., Elected Fellow 1912, February 12, 684. 

ALEXANDER, W. B., Elected Fellow 1910, November 14, 393. 

Algae (West), 259. 

Alpha particles expelled when an atom of Thorium Emanation disintegrates 
(SATTERLY), 667. 

Aluminium chloride on benzene, Action of (HoMER), 65. 

ANDRADE, E. N. da C., Elected Associate 1912, February 26, 684. 

Argas persicus, Inheritance of Spirochaetal Infection in (HINDLE), 457. 

Argon, Spectrum of (STEAD), 607. 

Arithmetical Forms, Divisors of certain (PoOCKLINGTON), 6 


Bacteria, Passage of, from the mouth to the lung (CoBBErr and GRAHAM- | 
SmitH), 126. F 

Beatty, R. T., The Ionisation of Heavy Gases by the X-rays, 46. 

Berry, A. J., Elected Fellow 1911, November 27, 682. 

Bonr, N., Elected Associate 1911, October 30, 682. 

BowEN, J. E., Elected Associate 1911, October 30, 682. f 

BRINDLEY, H. HL, The Proportions of the sexes in Forficula auricularia, 674. : 

Brooks, F. T., Fungi, 276. : 

Bryophyta [Enoom), 252. 

BurFIELD, S. T., Elected Fellow 1911, November 27, 682. 

Burnsipg, W., On the double-six which admits a group of 120 collineations 
into itself, 418. - 

Burtoy, E. F., An experiment to illustrate the mechanical tension on the 
surface of a charged conductor, 462. 


of the : Gia. 326. 
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Cathode Rays through Matter, Transmission of (WHIDDINGTON), 321. 

CHApMAN, J. C., An Attempt to detect a Fatigue Effect in the production 
of Secondary Réntgen Radiations, 142. 

—— Preliminary Note on the Characteristic Homogeneous Réntgen Radia- 
tion from Elements of High Atomic Weight, 399. 

—— A Negative Result on the Refraction of X-rays, 574. 

Cuapman, J. C. and Gust, E. D., The Intensity of Secondary Homogeneous 
Réntgen Radiation from Compounds, 136. 

Chemical reactions, Application of positive rays to (THomson), 455. 

Chromosomes of a Giant form of Primula sinensis (GREGORY), 560. 

Chromosomes in Oogenesis and Spermatogenesis of the White Butterfly, 
Pieris brassicae (DONCASTER), 491. 

Conpert, L. and Granam-Smitu, G. S., The passage of bacteria from the 
mouth to the lung, 126. 

Colloidal Copper, Coagulation of (PAINE), 430. 

Colloidal form of Nastvogel’s Osazone (FENTON and WILKs), 85. 

Copper, Coagulation of Colloidal (Parner), 430. 

Cow, D. V., The Action of Pituitary Extract and Adrenalin on Peripheral 
Arteries, 192. 

CrowTHeER, J. A., On the distribution of the Secondary Réntgen Radiations 
round the radiator, 112. 

— On an attempt to detect Diffusion in a Pencil of Réntgen Rays, 177. 

— Further Experiments on Scattered Réntgen Radiation, 188. 

— On the Scattered Réntgen Radiation from different Radiators, 365. 

—— On a theory of the dissymmetrically distributed secondary Réntgen 
Radiation, 534. 

Cuverian organs of Holothuria nigra (MINES), 456. 


DANIELL, P. J., Elected Fellow 1910, November 28, 394. 

Dark-Ground Illumination on Plant Cells (PRicE), 481. 

Darwin, C. G., Elected Fellow 1912, February 26, 684. 

Diffusion in a Pencil of Réutgen Rays (CROWTHER), 177. 

Dixon, A. C., The Multiplication of Fourier Series, 370. 

Dixon, W. E., Toleration to Nicotine, 191. 

Doncaster, L., Note on the spermatogenesis of Abraxas grossulariata 
(currant moth), 44. 

—— Note on the Chromosomes in Oogenesis and Spermatogenesis of the 
White Butterfly, Pieris brassicae, 491. 

Doncaster, L. and Gray, J., Cytological Observations on Crossfertilised 
Echinoderm Eggs, 414. 

Double-six which admits a group of 120 collineations into itself (BURNSIDE), 
418. 


Echinoderm Eggs, Cytological Observations on Crossfertilised (DONCASTER 
and Gray), 414. 
Electrical Resistance Furnace, A simple form of (LAMPLOUGH), 175. 
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Electricity, Discharge of positive (HorTon), 89. 

Electrograms of the Frog’s Heart (M1Ngs), 615. 

Electrons, Velocities of the, produced by Ultra-Violet Light (HuGHEs), 167. 

Evans, A. H., A short flora of Cambridgeshire, chiefly from an Ecological 
standpoint, with a history of its chief Botanists, 197. 

Exponent to which a number belongs, The Determination of the (PocK- 
LINGTON), 1. 


FantHam, H. B., Elected Fellow 1911, November 27, 682. 

FantHam, H. B. and Porter, A., The Structure and Homology of the 
Microsporidian Spore, as seen in Nosema apis, 580. 

Fenton, H. J. H. and Wiixs, W. A. R., A method of characterising 

certain Ureides, 64. 

Colloidal form of Nastvogel’s Osazone, 85. 

Flame Ion, Mobility of the Positive (Lussy), 26. 

Flora of Cambridgeshire (Evans), 197. 

Foreman, F. W., Notes on Protein Hydrolysis, 87. 

Forficula auricularia, Proportions of the sexes in (BRINDLEY), 674. 

Fourier Series, Multiplication of (Dixon), 370. 

Fowter, R. H., Elected Fellow 1912, March 11, 685. 

Freezing Points of Sodium and Calcium Chlorides (LamMPLouGH), 193. 

Fungi (BRooKs), 276. 


Gases by X-rays, Ionisation of Heavy (BrEarty), 46. 

Guasson, J: L., Elected Associate 1910, October 31, 392. 

GraHam-Smitn, G. S. and Copper, L., The passage of bacteria from the 
mouth to the lung, 126. 

Gray, J. and Doncaster, L., Cytological Observations on Crossfertilised 
Echinoderm Eggs, 414. 

Gregarines in rat-fleas (STRICKLAND), 460. 

Grecory, R. P., The Chromosomes of a Giant form of Primula sinensis, 
560. 

Gurst, E. D. and CHapman, J. C., The Intensity of Secondary Homogeneous 
Réntgen Radiation from Compounds, 136. 


Harpy, G. H., Fourier’s double integral and the theory of divergent 
integrals, 393. See Transactions XXI. 

HarGreEAVvEs, R., A Kinematical Theorem in Radiation, 331. 

— — Cyclic Paths for Rays reflected at an Elliptical Boundary, 687. See 
Transactions XXI. 

Hartcn, F. H., Elected Associate 1910, November 28, 394. 

Heat of Combustion of a Molecule and its Chemical Attraction Constant 
(KLEEMAN), 299. 

Hews, T. Surruey, Elected Fellow 1912, May 6, 686. 

Hinv1z, E., The Inheritance of Spirochaetal Infection in Argas persicus, 457. 

Holothuria nigra, Cuverian organs of (MINES), 456. 
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Homer, A., A note on the action of aluminium chloride on benzene, 65. 

— Note on the condensation of tryptophane with certain aldehydes, 405. 

Horton, F., The Discharge of positive electricity from Sodium Phosphate 
heated in different gases, 89. 

— On the Origin of Spectra, 313. 

—— The positive ionisation produced by phosphates when heated, 318. 

Hueues, A. Lu., On the Velocities of the Electrons produced by Ultra- 
Violet Light, 167. 

—— The Photo-Electric Effects of Certain Compounds, 376. 

— A Note on short Wave Lengths in the Mercury Are Spectrum, 428. 


Inheritance of the Yellow Tinge in Sweet Pea Colouring (THopAy), 71. 

Integration, Fundamental Theorem of (Youna@), 35. 

Internal Energies of a Substance, I. (KLEEMAN), 540. 

Internal Energies of a Substance, II. (KiEEMAN), 584. 

Ion in a Gas, The Nature and Velocity of an (KLEEMAN), 285. 

Ion in Gases at Low Pressures, Mobility of the (Topp), 21. 

Ton, Negative, at Low Pressures (Topp), 653. 

Ionisation of Heavy Gases, by X-rays (Brearry), 46. 

Ionisation, positive, produced by phosphates when heated (Horton), 318. 

Tonisation produced by the Collision of Positive Ions in Gaseous Mixtures 
(KLEEMAN), 621. 


Jacot, E., Elected Associate 1911, May 22, 397. 
Jurassic Fern, Stachypteris Hallet (THomas), 610. 
Jurassic Ferns, The Spores of some (THoMAs), 384. 


KerscHpauM, F. P., Elected Associate 1911, October 30, 682. 

Kinematical Theorem in Radiation (HARGREAVES), 331. 

Kieeman, R. D., Elected Fellow 1911, November 27, 682. 

—— On the Nature and Velocity of an Ion in a Gas, 285. 

—— The Heat of Combustion of a Molecule and its Chemical Attraction 
Constant, 299. 

—— On the Different Internal Energies of a Substance, I., 540. 

—— On the Different Internal Energies of a Substance, II., 584. 

— On the l[onisation produced by the Collision of Positive Ions in 
Gaseous Mixtures, 621. 

—— On the Properties of Substances connected with the Kinetic Properties 
of the Molecules, I., 631. 


LamptoueH, F. E. E., A simple form of Electrical Resistance Furnace, 175. 

— The Depression of the Freezing Points of Sodium and Calcium 
Chlorides, 193. 

Larter, O. H., The Discharge of Spermatozoa by Unio pictorum, 389. 

Lewin, K. R., Nuclear relations of Paramecium caudatum during the 
asexual period, 39. 
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Lichenes (RHODEs), 280. 

Light, Unit Theory of (THoMson), 643. ated 
Liquid Sulphur, On the Surface Tension of (RupGE), 55. 

Lister, J. J., On the Distribution of the Megapodidae in the Pacific, 148. 
Lussy, S, G., The Mobility of the Positive Flame Ion, 26. — 


McLean, R. C., A group of Rhizopods from the Carboniferous. Period, 493. 

MacManoy, P. ad The Problem of Derangement in the Theory of Permu- 
tations, 686. See Transactions XXt. 

— On Compound Denumeration, 686. See Transactions xxi. —-—— 

McTaceart, H. A., Elected Associate 1912, May 20, 686. 

Magnetic Susceptibilities of Certain Compounds (Oxy), 102. 

Magnetic Susceptibility with Temperature (OXLEY), 486. 

Mangels, the feeding value of (Woop), 42. 

Mason, C. C., Elected Fellow 1910, November 28, 394. 

Mechanical tension on the surface of a charged conductor (Burton), 462. 

Megapodidae in the Pacific, Distribution of the (LisrER), 148. 

Mercury Arc Spectrum, Short Wave Lengths in the (HuGHEs), 428. 

Minzgs, G. R., Note on the mode of discharge of the Cuverian organs of 
Holothuria nigra, 456. 

— Some Observations on Electrograms of the Seek Heart, 615. 

Molecular Structures (RUDGE), 465. 

Molecule, Heat of Combustion of a (KLEEMAN), 299. 

Molecule, Water, in certain Dilute Solutions (OxLEy), 421. 

Molecules, Properties of Substances, I. (KLEEMAN), 631. 

Moss, C. E., Elected Fellow 1911, October 30, 682. 


Nastvogel’s Osazone, Colloidal form of (FENTON and W1ks), 85. 

Nature and Velocity of an Ion in a Gas (KLEEMAN), 285. 

Neon, Spectrum of, Regularities in the (Watson), 130. 

Nicotine, Toleration to (Drxon), 191. 

Nosema apis, Structure and Homology of the Microsporidian Spore Givens 
and PorTER), 580. 

Nurratu, G. H. F., The adaptation of Ticks to the habits of their Host, 189. 

Origin of Spectra (Horton), 313. = 

OweEN, E. A., Elected Associate 1910, November 14, 393. 

— On the Scattering of Réntgen Radiation, 161. -—= 

Oxtey, A. E., Elected Associate 1910, October 31, 392. 

— Elected Fellow 1911, November 27, 682. 

— On the Magnetic Susceptibilities of Certain Compounds, 102. 

— A Magnetic Examination of the Function of the Water Molecule in 
certain Dilute Solutions, 421. 

—— The Variation of Magnetic Susceptibility with Temperature, 486. — 

— The Detection of Small Amounts of Polarisation in Light from a Dull 
Sky, 561. 
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Paine, H. H., The Coagulation of Colloidal Copper. Rate of Coagulation, 
430. 

Paramecium caudatum during the asexual period, Nuclear relations of 
(Lewin), 39. 

Parasitism in the Polychaeta (Ports), 409. 

Photo-Electric Effects of Certain Compounds (HUGHEs), 376. 

Pieris brassicae, Chromosomes in Oogenesis and Spermatogenesis (Don- 
CASTER), 491. 

Pituitary Extract and Adrenalin on Peripheral Arteries (Cow), 192. 

Plant Cells, Dark-Ground Illumination on (Prick), 481. 

Pockxirneton, H. C., The Determination of the Exponent to which a 
Number belongs, the Practical Solution of certain Congruences, and 
the Law of Quadratic Reciprocity, 1. 

— The Divisors of certain Arithmetical Forms, the Primes of certain 
Forms, and the Arrangement of Quadratic and some other Residues, 6. 

Polarisation in Light from a Dull Sky (OxueEy), 561. 

Polychaeta, A new type of parasitism (Ports), 409. 

Porous plug experiment, A constant temperature (RUDGE), 48. 

Porter, A. and Fanruam, H. B., The Structure and Homology of the 
Microsporidian Spore, as seen in Wosema apis, 580. 

Positive electricity, Discharge of, from Sodium Phosphate (Horton), 89. 

Positive ionisation produced by phosphates when heated (Horton), 318, 

Positive Rays, New Method of Investigating the (THomson), 120. 

Potassium, The Radium-Content of Salts of (SATTERLY), 67. 

Ports, F. A., A new type of parasitism in the Polychaeta, 409. 

Prick, 8S. R., Elected Fellow 1912, May 6, 686. 

Some Observations with Dark-Ground Illumination on Plant Cells, 481. 

Primula sinensis, Chromosomes of a Giant form of (GREGORY), 560. 

Proceedings at the Meetings held during the Session 1910—1911, 392. 
” ” ” ” ” ” 1911—1912, 681. 

Properties of Substances connected with the Kinetic Properties of the 
Molecules, I. (KLEEMAN), 631. 

Protein Hydrolysis, Notes on (FOREMAN), 87. 

Purvis, J. E., The Absorption Spectra of the Vapours of some Sulphur 
Compounds, 155. 

—— The non-nitrification of sewage in sea-water, 391. 


Radiation, Kinematical Theorem in (HARGREAVES), 331. 

Radioactivity of Marsh Gas (SATTERLY), 356. 

Radioactivity and Molecular Structures (RUDGE), 465. 

Radium Compounds on Glass, Action of (RUDGE), 571. 

Radium-Content of Salts of Potassium (SATTERLY), 67. 

Radium Content of Various Fresh and Sea Waters (SATTERLY), 360. 

Radium Emanation contained in the air of various soils (SATTERLY), 336. 

Radium and Thorium Emanations contained in the Air of certain Soils 
(SATTERLY), 514. 
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Rat-fleas, Gregarines in (STRICKLAND), 460. 

Refraction of X-rays (CHAPMAN), 574. 
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—— The Quantities of Radium and Thorium Emanations contained in the 
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—— On the number of a-particles expelled when an atom of Thorium 
Emanation disintegrates, 667. 

Scort, W. M., The effect of exposure to ultra-violet light on blood-serum, 
124, 

SEARLE, G. F. C., A simple viscometer for very viscous liquids, 600. 

Secondary Homogeneous Réntgen Radiation from Compounds, Intensity of 
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Spermatozoa, Discharge of, by Unio pictorum (LATTER), 389. 

Spirochaetal. Infection in Argas persicus (HINDLE), 457. 

Stachypteris Hallei: a new Jurassic Fern (THOMAS), 610. 
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(THopay), 71. 
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Pressures, 21. 
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